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Preface to the Fourth Edition 


This edition has been overdue and in spite of our best efforts we could not get it out earlier. We have 
made considerable revisions in many chapters, specially in the Gelds of immunology and virology. 
We have devoted a separate chapter to retroviruses, HIV taking a prominent place. We owe much to 
those who helped us with their criticisms and suggestions and we desire our readers to continue to 
render us such services. 


C.K.J. Panther 

‘Shanthl’ 

1/3736 East Hill Road 
CALICUT - 673006 


R. Ananthanarayan 

'Apsara' 

Opp. Snkanteswaram Fort 
TRIVANDRUM -695 023 


Preface to the Third Edition 


Rapid developments in microbiology in recent years necessitated this new edition. Brief notes on 
important advances had been included in the reprints which had to be brought out every year, but 
that was not entirely satisfactory. In this edition we have updated all chapters and revised most. A 
section on Bacteriology of Air and a chapter on Hospital Infections have been added. Recent publi- 
cations have been indicated in the suggestions for further reading. Every effort has been made to see 
that significant advances in the various fields of microbiology have not been missed. 

We thank again the students and teachers of microbiology for their helpful comments and criti- 
cisms. We welcome suggestions for improving the book. p, 

R. Anantharfafayan 
C.K.Jayaram Paniker 




Preface to the Second Edition 

We owe a deep debt of gratitude to the students of and teachers in microbiology in India for the 
splendid reception they have given to our book. The first edition was sold out in four months and a 
reprint could be brought out only in 1979. Before we could complete our revision, a revised reprint 
incorporating minimal essential newer knowledge had to be brought out in 19S0. 

The second edition has been thoroughly revised. The chapters on Immunodeficiency diseases, 
Rhabdoviruses, Hepatitis viruses and Bacteriology of Water and Milk have been completely rewrit- 
ten. Chapters on Acute Dianhoeal Diseases, Immunoprophylaxis and Immunotherapy have been 
added. Mycoplasma and Actinomycetes have been dealt with in separate chapters. Much newer 
knowledge has been added. A number of diagrams have been replaced by better ones and additional 
diagrams including electromicroscopic pictures have been introduced. Each chapter has at its end a 
list for further reading. 



We request our readers to send us their comments and suggestions for further improving the book. 


R. Ananthanarayan 
C.K. Jayaram Paniker 


Preface to the First Edition 

Many of the health problems in developing countries like India are different from those of developed 
countries. Bacterial diseases still play a considerable role in diseases in our country. Topics such as 
cholera and enteric diseases are important to us though only of less or academic interest to the 
developed countries. The increasing importance of the newer knowledge m immunology to health 
and disease is not adequately stressed in most of the extant textbooks. Virus diseases which are 
responsible for nealy 60 per cent of human illness require wider coverage. The general approach to 
the teaching of Microbiology in our country has also been rather static. All these factors called for a 
textbook of Microbiology more suited to countries like India. 

We therefore undertook this endeavour based on our experience of teaching undergraduates and 
postgraduates for over two decades. We omitted the discipline of parasitology from our book since 
we already have an excellent textbook on the subject published in India. 

This book has taken us over three years to write and over a year in publication. Naturally we would 
be out of date to a certain and inevitable extent. We do not claim any perfection. On the contrary , wc 
have requested medical students and teachers all over the country to write to us about any shortcom- 
ings and give us suggestions as to how to improve the book. We shall spare no pains in seeing that 
their valuable suggestions are given effect to in our second edition. 


R. Ananthanarayan 
C.K. Jayaram Paniker 
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Parti 


1 Historical Introduction 


Medical microbiology deals with the causative 
agents of infectious diseases of man, his reac- 
tions to them and the methods of protection 
against such diseases. 

Disease and death ha>c always attracted the 
attention of the human mind. Ancient man 
ascribed them to divine wrath and other super- 
natural forces. Later, other concepts such as the 
influence of environment, of bodily constitution 
and of faulty diet were proposed. There have 
been, from very early times, occasional sugges- 
tions that diseases may result from invasion of the 
body by external contagion. Varo and Columella 
in the first century B.C. postulated that diseases 
*ere caused by invisible beings (Animaha 
tvnuia), inhaled or ingested. Fracastonus of 
Verona (1546) proposed a contagium mum as 
the possible cause of infectious disease and von 
Pkndz (1762) suggested that each disease was 
by a separate agent. Kircher (1659) 
sported finding minute worms in the blood of 
victims, but with the equipment available 
ttbm it i$ more likely that what he observed 


Leeuwenhoek the world ot ‘little animalcules' 
represented only a curiosity of nature. It was only 
some two centuries later that their importance in 
medicine and in other areas of biology came to be 
recognised. 

The earliest discovery of a pathogenic microor- 
ganism was probably made by Augustino Bassi 
(1835), who showed that the muscardinc disease 
of silk worms was caused by a fungus. Davaine 
and Pollcndcr (1850) observed anthrax bacilli in 
the blood of animals dying of the disease. In fact, 
even before the microbial aetiology of infections 
had been established, this was evident to some 
observant physicians. Oliver Wendell Holmes in 
the U.S.A. (1843) and IgnazSemmelweis in Vie- 
nna (1846) had independently concluded that 
puerperal sepsis was transmitted by the contami- 
nated hands of obstetricians and medical students 
and demonstrated the efficacy of simple mea- 
sures such as washing hands in an antiseptic solu- 
tion. ft?' Tl 

The dev elopment of bacteriology as a scien tific 

Though tramed as a chemist, his studiesjo n fer- 
mentation led him to take an interest in micro- 
He established that fermenta tion was 
thejesult^flmcrbbialactivlty amljliat different 
jypes of fermentatio ns were associated with thc~- 
actiyit^ oL different_kin ds__of_mjcroorganisms 
0857). The basic principles and techniques of 
bacteriology w’ere evolved by Pasteur during his 
enquiry into the origin of microbes. This was then 
the subject of much controversy. Needham, an 
Irish priest, had in 1745 published experiments 
purporting the spontaneous generation (abio* 
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genesis) of microorganisms in putrescible fluids. 
This view was opposed by Spallanzani, an Italian 
abbot (1769). In a series of classic experiments, 
Pasteur proved conclusi vely that all forms of life, 
even micro be s, arose only from their like and not 
de novo. In the course of iKese studies, he intro- 
duc edlechn iques of stcrihsat ip njmdjie vq 1 o ped 
The steam steril iser, hot-air oven and autoc lave.^ 
He also established thediTfcring growth needs of 
different bacteria. His work attracted such atten- 
tion and he attained such eminence in the world 
of science that not only France but all Europe 
looked to him to solve major problems in various 
fields. _ Th us started his w studies, ,on pebrine, 
anthrax, chicken ch olera, a nd hydroph obia. An 
accidental observation thatchicken cholera bacil- 
lus cultures left on the bench for several weeks 
lost their pathogenic property but retained their 
ability to protect the birds against subsequent » 
infection by them led to the discovery of the pro- 
cess of attenuation and the development of live 
vaccines . He attenuated cultures of the anthrax 
bacillus by incubation at ji igh temperature (42°^ 
43°C) and proved that inoculation of such cuP 
turcs in animals induced specific protection 
against anthrax The success of such immunisa- 
tion was dramatically demonstrated by a public 
experiment on a farm at Pouilly-lc-Fort (1881) 
during which vaccinated sheep, goats and cows 
were challenged with a virulent anthrax bacillus 
culture. All the vaccinated animals survived the 
challenge while an equal number of unvaccinated 
control animals succumbed to it. It was Pasteur 
who coined the term vaccine for such prophylac- 
tic preparations to commemorate the first of such, 
preparations, namely, cowpox, employed byJen- 
ncr for protection against smallpox. 

The greatest impact in medicine was made by 
Pasteur's development of a vaccine for hydro- 
phobia. This was acclaimed throughout the 
world. The Pasteur Institute, Paris, was built by 
public contribution and similar institutions were 
established soon in many other countries for the 
preparation of vaccines and for the investigation 
of infectious diseases . 

An immediate application of Pasteur's work 


. wa s the introduction of antiseptic* t echniques in 
s urgeryl jy~Oster (1867) effecting a pronounced 
drop in mortality and morbidity due to surgical 
sepsis. Lister’s antiseptic surgery involving the 
use of carbolic acid was cumbersome and hazar- 
dous, but was a milestone in the evolution of sur- 
gical practice from the era of ‘laudable pus’ to 
modern aseptic techniques. 

While Pasteur in France laid the foundationsof 
microbiology, Robert Koch (1843-1910) in Ger- 
many perfected bacteriological techniques dur- 
ing his studies on the culture and characters of the 
anthrax bacillus (1876). He introduced staining 
techniques and methods of obtaining bacteria in 
pure culture using solid media. He discovered the 
bacillus of tuberculosis (1882) and the cholera 
vibrio (1883). 

* Pasteur and Koch attracted many gifted disci- 
ples who discovered the causative agents of seve- 
ral bacterial infections and enlarged the scope 
and content of microbiology by their labours. In 
1874, Hansen described the leprosy bacillus; in 
1879, Ncisser described the gonococcus; in 1881, 
Ogston discovered the staphylococcus; in 1884, 
Locffler isolated the diphtheria bacillus; in 1884, 
Nicolaier observed the tetanus bacillus in soil; in 
I8S6, Fraenkcl described the pneumococcus; in 
1887, Bruce identified the causative agent of 
Malta fever; in 1905, Schaudinn and Hoffmann 
discovered the spirochaete of syphilis. 

Roux and Yersin (1888) identified a new me- 
chanism of pathogenesis when they discovered 
the diphtheria toxin. Similar toxins were identi- 
fied in tetanus and some other bacteria. The 
toxins were found to be specifically neutralised by 
their antitoxins. Ehrlich who studied toxins and 
antitoxins in quantitative terms laid the founda-. 
tions of biological standardisation. 

The causative agents of various infectious dis- 
eases were being reported by different investi- 
gators in such profusion that it was necessary to 
introduce criteria for proving the claims that a 
microorganism isolated from a disease was 
indeed causally related to it. These criteria, first 
indicated by Henle, were enunciated by Koch 
and are known as Koch’s postulates. According 
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to these, a microorganism can be accepted as the 
causative agent of an infectious disease only if the 
following conditions are satisfied; 

1 . The bacterium should be constantly associated 
with the lesions of the disease. 

2. It should be possible to isolate the bacterium in 
pure culture from the lesions. 

3. Inoculation of such pure culture into suitable 
laboratory animals should reproduce the 
lesions of the disease. 

4. It should be possible to reisolatc the bacterium 
in pure culture from the lesions produced in the 

^experimental animals. 

( • An additional criterion introduced subse- 
quently requires that specific antibodies to the 
bacterium should be demonstrable in the serum 
of patients suffering from the disease. Though it 
""may not always be possible to satisfy all the postu- 
lates in every case, they have proved extremely 
useful in sifting doubtful claims made regarding 
the causative agents of infectious diseases. 

By the beginning of the twentieth century, 
many infectious diseases had been proved to have 
been caused by bacteria. But there remained a 
large number of diseases such as smallpox, chi- 
ckenpox, measles, influenza and the common cold 
for which no bacterial cause could be established. 
During his investigation of rabies in dogs, Pasteur 
had suspected that the disease could be caused by 
a microbe too small to be seen even under the! 
microscope. The existence of such ultramicro- 
scopic microbes was proved when Ivanovsky (1892) 
reproduced mosaic disease in the tobacco plant, 
by applying to healthy leaves juice from the dis- 
eased plants from which all bacteria had been 
removed by passage through fine filters. 
Beijerinck(1898) confirmed these findings. Loef- 
fler and Frosch (1898) observed that the foot and 
mouth disease of cattle was caused by a similar fil- 
ter-passing virus. The first human disease proved 
to have a virus aetiology was yellow fever. The 
U.S. Army Commission under Walter Reed, 
investigating yellow fever in Cuba (1902), estab- 
lished not only that it was caused by a filterable- 
virus but also that it was transmitted through the 
bite of infected mosquitoes. Landstciner and 


Popper (1909) showed that poliomyelitis was 
caused by a filterable virus and transmitted the 
disease experimentally to monkeys. Investiga- 
tion of viruses and the diseases caused by them 
was rendered difficult as viruses could not be vis- 
ualised under light microscopes or grown in cul- 
ture media. Though the larger viruses could be 
seen after appropriate staining under the light 
microscope, detailed study of their morphology 
had to wait till, the introduction of the electron 
microscope by Ruska (1934) and subsequent 
refinements in electron microscopic techniques. 
Cultivation of viruses was possible only in ani- 
mals or in human volunteers till the technique ol* 
growing them on chick embryos was developed 
by Goodpasture in the 1930s. The application of 
tissue culture in virology expanded the scope of 
virological techniques considerably. 

The possibility that virus infection could lead 
to malignancy was first put forth by Hllerman and 
Bang (3 90S) Peyton Rous (191 1) isolated a virus 
causing sarcoma in fowls. Several viruses have 
since been isolated which cause natural and ex- 
perimental tumours in animals and birds. Viruses 
also cause malignant transformation of infected 
cells in tissue culture. The discovery of viral and 
cellular oncogenes has shed light on the possible 
mechanisms of viral oncogenesis. After many 
decades of futile search, positive proof of the 
viral causation of human malignancy was estab- 
lished when the virus of human T-cell leukaemia 
was isolated in 1980. 

Twort (1915) and d’Herellc (1917) indepen- 
dently discovered a lytic phenomenon in bacte- 
ria! cultures. The agents responsible were termed 
bacteriophages — viruses Jhm attack bacteria. 
Early hopes that bacteriophages may have thera- 
peutic applications had to be abandoned, but 
these viruses have paid unexpected scientific 
dividends. The essential pari of viruses is their 
core of nucleic acid which acts as the carrier of 
genetic information in the same manner as in 
higher organisms. The discipline of molecular 
biology owes its origin largely to studies on the 
genetics of bacteriophages and bacteria. 

It had been noticed from very early days that 
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persons surviving an attack of smallpox did not 
develop the disease when exposed to the infec- 
tion subsequently. This observation had been 
applied for the prevention of the disease by pro- 
ducing a mild form of smallpox intentionally 
(variolation). This practice, prevalent in India, 
China and other ancient civilisations from time 
immemorial, was introduced into England by 
Lady Mary Wortley Montague (1718) who had 
observed the custom in Turkey. Variolation was 
effective but hazardous. Jenner observing the 
immunity to smallpox in milkmaids who were 
liable to occupational cowpox infection intro- 
duced the technique of vaccination using cowpox 
material (1796). This was the first instance of sci- 
entific immunisation and, though introduced 
empirically, has stood the test of time. Jenner’s 
vaccination paved the way for the ultimate eradi- 
cation of smallpox. 

The next major discovery in immunity was Pas- 
teur’s development of vaccines for chicken chol- 
era, anthrax and rabies. While the techniques 
introduced by him were successful, the mechanism 
of protection afforded by them remained 
obscure. The explanation of the underlying 
mechanism came from two sources. Nuttall 
(1888) observed that defibrinated blood had a 
bactericidal effect, and Buchner (1889) noticed 
that this effect was abolished by heating the sera 
for one hour at 55°C. The heat labile bactericidal 
factor was termed ‘alexine’. A specific humoral 
factor or ‘antibody’ was described by von Behring 
and Kitasato (1890) in the serum of animals 
which had received sublethal doses of tetanus 
toxin. Pfciflcr (1893) demonstrated bactericidal 
effect in vivo by injecting live cholera vibrios 
intrapcntoneally in guinea pigs previously injec- 
ted with killed vibrios. The vibrios were shown to 
undergo lysis. The humoral nature of such lytic 
activity was proved by Bordet (1895), who de- 
fined the two components participating in the 
reaction, the first being heat stable and found in 
immune sera (antibody or substance sensibilica- 
trtce) and the second being heat labile and identi- 
I cal with Buchner’s alexine, subsequently named 
Icq mp le mcntl^oon a number of other ways were 


demonstrated in which antibodies react with anti- 
gens, such as agglutination, precipitation, com- 
plement fixation and neutralisation. 

Metchnikoff (1883) discovered the pheno- 
menon of phagocytosis and proposed the phago- 
cytic response as the prime defence against the 
microbial invasion of tissues. This led to the cellular 
concept of immunity. Polemics regarding the sig- 
nificance of the cellular and humoral mechanisms 
of immunity were largely put to rest with the dis- 
covery by Wright (1903) of opsonisation, in 
which antibodies and phagocytic cells act in con- 
junction. 

Prior experience with a microorganism or 
other antigen did not always result in the benefi- 
cial effect of immunity or protection. At times it 
caused the opposite effect. Koch (1890) had 
noticed that when the tubercle bacillus or its pro- 
tein was injected into a guinea pig already 
infected with the bacillus, an exaggerated 
response took place — a hypersensitivity reaction 
known as Koch’s phenomenon. Portier and 
-Richet.(i902) r studying the effect of the toxic 
extracts of sea anemones in dogs made 'the 
paradoxical observation that dogs which had 
prior contact with the toxin were abnormally sen- 
sitive to even minute quantities of it sub- 
sequently. 1 This phenomenon was termed 
‘anaphylaxis’. Later, many similar reactions were 
observed, both experimentally and in nature, of 
injury, disease or even death resulting from 
repeated contacts with antigens. The importance 
of this phenomenon , in the pathogenesis of many 
human diseases, led to the development of the 
discipline of'affergy'. 

The characteristic feature of immunity, 
whether it is protective, or destructive as in 
allergy, is its specificity. As the mediators of 
humoral immunity (antibodies) are globulins, the 
explanation for the exquisite specificity of the 
immunological reaction had to await the 
advances in protein chemistry. The pioneering 
work of Landsteiner laid the foundations of 
immunochemistry. Chemists dominated the 
study of immunity for several decades, and 
theories of antibody synthesis were postulated by 
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them, which sometimes ran counter to biological 
laws. In 195 5, fem e proposed the ‘natural selec- 
tion’ foeon- of a nti body synthesis whi ch attemp- 
ted to explain the chemical specificity and biolog- 
ical basis of antibody synthesis, signifying a 
return to the original views of antibody formation 
proposed byJEhiUch (lRQS)_Ru met £1222) mod- 
ified this into the clonaLs electiomtheorv. a c on- 
cept which, with minor alterations, hdlds sway 
even now. The last two decades have witnessed 
an explosion of conceptual and technical 
advances in immunology. Immunological proces- 
ses in health and disease are now better under- 
stood following the identification of the two com- 
ponents of immunity — the humoral or antibody 
mediated processes and the cellular or cell 
mediated processes — which develop and are 
manifested in separate pathways. 

Till recently, a teleological view of immunity 
prevailed. It was considered a protective 
mechanism designed to defend the body against 
invasion by microorganisms. Based on the origi- 
nal suggestion of Thomas (1959). Burnet (19 67) 
developed the concept of im munological surve iJ- 
lance’, according to which the primary function 
of the immune system is to preserve the integrity 
of the body, seeking and destroying all ‘foreign’ 
antigens, whether autogenous or external in ori- 
gin. Malignancy was visualised as a failure of this 
function , and the scope of immunity was enlarged 
to include natural defence against cancer. 
Another aspect of this role of immunity is in the 
rejection of homografts. Understanding of the 
immunological basis of transplantation, due 
largely to the work of Medawar and Burnet, 
made successful transplants possible by elective 
immunosuppression and proper selection of 
donors based on histocompatibility. The history 
of transplantation thus runs parallel to the history 
of blood transfusion, which was unsuccessful and 
even fatal before the discovery of blood groups 
by Landsteiner (1900). 

During the early part of the 20th century, 
attempts were made to exploit the immunological 
information available by the development of vac- 
cines and sera for the prophylaxis and treatment 


of infectious diseases. Till Domagk (1935) 
initiated scientific chemotherapy with the discov- 
er)' of prontosil, antisera were the only specific 
therapeutic agents available for the management 
of infectious diseases. 

Fleming (1929) made the accidental discovery 
that the fungus Penieillium produces a substance 
which destroys staphylococci. It was only the dire 
needs brought about by the Second World War 
that led to the isolation of the active substance 
penicillin and its subsequent mass production. 
This was the beginning of the antibioticera, and 
other similar antibiotics were discovered in rapid 
succession. With the sudden availability of a wide 
range of antibiotics with potent antibacterial acti- 
vity, it was hoped that bacterial infections would 
be controlled within a short period. But, soon, 
the development of drug resistance in bacteria 
presented serious difficulties. 

With the development of a wide variety of 
antibiotics active against the whole spectrum of 
pathogenic bacteria, and of effective vaccines 
against most viral diseases, expectations were 
raised about the eventual elimination of all infec- 
tious diseases. The global eradication of smallpox 
inspired visions of similar campaigns against 
other major pestilences. However, such hopes 
were dampened when new infectious diseases 
began to appear, caused by hitherto unknown 
microorganisms or by known microbes, produc- 
ing novel manifestations. The climax came in 
1981 when AIDS was identified in the USA and 
began its pandemic spread. Unceasing vigilance 
appears essential to protect man from microbes. 

Apart from the obvious benefits such as speci- 
fic methods of diagnosis, prevention and control 
of infectious diseases, medical microbiology has 
contributed to scientific knowledge and human 
welfare in many other ways. Microorganisms 
constitute the smallest forms of living beings and, 
therefore, have been employed as models of 
studies on genetics and biochemistry. As nature’s 
laws are universal in application, information 
derived from the investigation of microbes holds 
true, in the main, for man as well. 

Studies on microorganisms have contributed. 
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more than anything else, to unravelling the gene- 
tic code and other mysteries of biology at the 
molecular level. They have made available infor- 
mation and techniques that could be used for 
geneticmanipulation and molecular engineering. 

The number of Nobel Laureates in Medicine 
and Physiology, awarded the prize for their work 
in microbiology, listed below, is evidence of the 
positive contribution made to human health by 
the science of microbiology. 

1901 Emil A. Von Behring 

1902 Sir Ronald Ross 
1905 Robert Koch 

1907 C L.A. Laveran 

1908 PauYEhrYtch and EVie Met cYi niV oil 
1913 Charles Richet 

1919 Jules Bordet 

1920 Johannes Fibiger 
1928 Charles Nicolle 
1930 KarlLandsteiner 
1939 Gerhardt Domagk 

1945 Sir Alexander Fleming, Sir Howard Florey 
andE B. Chain 


1951 MaxTheiler 

1952 Selman A. Waksman 

1954 J.F. Endcrs, F.C. Robbins and T.H. Weller 

1958 G.W. Beadle, Joshua Lederberg and E.L. 
Tatum 

1960 Sir Macfailane Burnet ami Sir Peter Brian 
Medawar 

1965 Francois Jacob, Andre Lwoff and Jacques 
Monod 

1966 Peyton Rous 

1969 Max Delbruck, A.D. Hershey and Sal- 
vador Luri a 

1972 Gerald Edclman and Rodney Porter 

1975 David Baltimore, Renato Dulbecco and 
Howard Vi . T emin 

1976 Baruch S. Blumbcrg and Cl r let on Gaj- 
dusek 

1980 Baruj Benaccrraf, Jean Dausset and 
George Snell 

1984 Niels Jerne, Cesar Milstein and Georges 
Kohler 

1987 SusumuToncgawa 

1989 J . Michael Bishop and Hanold E. Varmus 
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2 Morphology and Physiology of 
Bacteria 


Microorganisms are a heterogeneous group of 
several distinct classes of living beings. They were 
originally classified under the plant and animal 
kingdoms. As this proved unsatisfactory, a third 
kingdom, the protista, was formed for them. 
Based on differences in cellular organisation and 


biochemistry, the kingdom protista has been 
divided into two groups — prokaryotes and 
eukaryotes . Bacteria an d blue-green a lgae are 
prokaryotes, while f ungi, algae, slime moulds 
and protozoa are eukaryote's! 

Bacteria are prokaryotic microorganisms that 


TABLE 2 1 

Some differences between prokaryotic and eukaryotic celts 


¥ 


Character . 

Prokaryotes 

Euikaryotes 



bLiAIi JJ.a 

Nucleus: 

Q 

V f r a 

, Nuclear membrane 
. Nucleolus 

Deoxyribonuclcoprotein 

Absent 

Present 

Absent 

Present 

Absent 

Present 

1/ Chromosome 

One 

More than one 

£ 

(circular) ctokbV 

(linear) 

pi Mitotic division 
Cytoplasm: 

Ab«nl '"ST 

Prevent 

^ Cytoplasmic streaming 

Absent 

Present 

£ Pinocytosis 

Absent 

Present 

i* Mitochondria 
_ Lysosomes 

Golgi apparatus 

Absent 

Present 

Absent 

Present 

Absent 

Present 

Endoplasmic reticulum 

Xf 

Absent 

Present 

Chemical composition: 



Sterols 

Absent 

Present 

Muramic acid 

Present 

Absent 

Diaminopimelic acid 

Present in some 

Absent 
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do not contain chlorop hyll. They are unicel lular 
and d o not sh o wj r ue_br an di i n g . except in the 
so-called ‘higherbactenal(.<4c/i/ iomrcg/fl/«). 

Sizeofbacteria 

The unit of measurement used in bacteriology is / 
the micron (micrometre). 

1 micron (ji) or micrometer (nm) - one thou-'g 
sandth of a millimetre. 

I millimicron (mp.) or nanometre (nm) = one 
thousandth of a micron or one millionth of a milli- 
metre. 

1 Angstrom unit (A) * one tenth of a nanometre. 

' The limit of resolution with the unaided eye is 
about 200 microns. Bacteria, being much smal- 
ler, can be visualised only under magnification. 
Bacteria of medical importance generally mea- 
sure 0.2-1 .5 p in diameter and about 3-5 p in 
length. 

Microscopy 

The morphological study of bacteria requires the 
use of microscopes. Microscopy has come a long 
way since Leeuwenhoek first observed bacteria 
three hundred years ago using hand ground 
lenses. The following types of microscopes are 
being employed now. 

Optical or light microscope Bacteria may be 
examined under the compound microscope, 
cither in the living state or after fixation and 
staining. Examination of wet films or_Tianeine 
d rops 7 indicates the shape, arrangement, moti lity 
and approximate size of the ce lls. But due to lack 
ofcontrast .details cannot beappreciated 

{$) rhnse contrast microscop y i m proves the contrast 
that 

differ m thickness. or refractive ind ex. Also, the 
differences in refractive index between bacterial J 
cells aridthe surrounding mediuni~nT3Trfe t hem 
clearly visible. Retardation, by a fraction" of a 
wavelength, of the rays of light that pass through 
the object, compared to the rays passing through 


the surrounding medium, produces 
ferences between the two types of rays. In the 
phase contrast microscope, ‘p J}3S£ irdiifcren ces 
are conve rted into differences in in tensity of 
light, pr odgei ”ligh" ana ^arF^^^ast in the 
image. 

* 

Another 

'method of improving the contrast is the dark field 
(dark ground) microscope in which reflected light 
is used instead of the transmitted light used in the 
ordinary microscope The essential part of the 
dark field microscope is th e dark field condenser 
with a central circular stop , which illuminates the 
object with a cone of light, without letting any ray 
of light fall directly on the objective lens. Light 
rays falling on the object are reflected or scat- 
tered on to the objective lens, with the result that 
•the object appears self-luminous against a dark 
background. The contrast gives an illusion of 
increased resolution, so that very slender 
organisms such as spiiochaetes, not visible under 
ordinary illumination, can be clearly seen under 
the dark field microscope. 

The resolving power of the light microscope is 
limited by the wavelength of light. In order to be 
seen and delineated (resolved), an object has to 
have a size of approximately half the wavelength 
of the light used. With visible light, using the best 
optical systems, the limit of resolution is about 
300 nm. If light of shorter wavelength is employ- 
ed. as in the ultraviolet microscope, the resolving 
power can be proportionately extended 

Two specialised types of microscopes are: 1) the 
interference microscope which not only reveals cell 
organelles, but also enables quantitative measure- 
ments of the chemical constituents of cells such as 
lipids, proteins and nucleic acids, and 2) the 
polarisation microscope which enables the study 
of intracellular structures using differences in 
birefringence. 

Electron microscope: In the electron microscope 
a beam of electrons is employed instead of the 
beam of light used in the optical microscope. The 
electron beam is focused by circular clectromag- 
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nets, which are analogous to the lenses in the light 
microscope. The object which is held in the path of 
the beam scatters the electrons and produces an 
image which is focused on a fluorescent viewing 
screen. As the wavelength of electrons used is 
approximately 0.005 nm, as compared to500nm 
with visible light, the resolving power of the elec- 
tron microscopes should be theoretically 100,000 
times that of light microscopes. But mmractice, 
t heresolving power is about 0.1 nm. 

The technique of shadow-casting wtfn vapo-. 
rised heavy metals has made possible pictures 
with good contrast and three-dimensional effect. 
Another valuable technique in studying fine 
structure is negative staining with phosphotung- 
sticacid. 

Gas molecules scatter electrons, and it is, 
therefore, necessary to examine the object in a 
vacuum. Hence, only dead and dried objects can 
be examined in the electron microscope. This 
may lead to considerable distortion in cell mor- 
phology. A method introduced to overcome this 
disadvantage is freeze-etching, involving the 
deep-freezing of specimens in a liquid gas and the 
subsequent formation of carbon-platinum replicas 
of the material. Since such frozen cells may 
remain viable, it is claimed that freeze-etching 
enables the study of cellular ultrastructure as it 
appears in the living state. The recent develop- 
ment of very high voltage electron microscopes 
may render possible the eventual examination of 
live objects. The scanning electron microscope is 
a recent innovation which permits the study of 
cell surfaces with greater contrast and higher 
resolution than with the shadow-casting 
technique. 


otained preparations 


Live bacteria do not show much structural detail 
under the light microscope due to lack of con- 
trast. Hence it is customary to use staining 
techniques to produce colour contrast. Bacteria 
may be stained in the living state. However, 
many dyes are toxic and kill the cell on staining. 

.This type of staining during which the cell is killed 


ito xic sta m- 
ping, during which cells retain their viabliitvj s 
* *khown as vital (or intravital) staining . Routine 
methods of staining bacteria employ drying and 
fixation of smears — procedures that kill them. 
Bacteria have an affinity for basic dyes due to the 
acidic nature of their protoplasm. Staining 
techniques in common use in bacteriology are the 
following: 


1. Simple stains: Dyes such as methylenfe blue or 
basic fuchsin are used for simpkTstaining. They 
provide colour contrast, but impart the same col- 
our to all bactenu 

2. Negative stainffig': Here, bacteria are mixed 
with dyes such as I ndian in k o rnigrosi n that pro- 
vide a uniformly coloured background against 
which the unstained bacteria stand out in con- 
trast. This is particularly useful in the demonstra, 
tion of bacterial capsules which do not take sim- 
ple stains. Very slender bacteria such as spiro - . 
chaetes that are not demonstrable by simple 
staining methods can be visualised by ne gativ e 
stainin g. 

3. Impregnation methods: Cells and structures' 
too thin to be seen under the ordinary microscope 
may be rendered visible if they are thickened by 
impregnation of silver on the surface. Such 
methods are used for the demonstration of 
spirochaeie s and bacterial_flagella. 

4. Differential stains: These stains impart diffe- 
rent colours to different bacteria or bacterial 
structures. The two most widely used differen- 
tial stains are the Gram stain and the a cid fas t 
stain. 

The Gram stain was originally devised by the his- 
tologist Christian Gram (1884) as a method of stain- 
ing bacteria in tissues. The staining technique 
consists essentially of four steps: 

1. primary staining with a pararosanili ne dye 
such as crystal violet, methyl violet or gentian 
violet; 

2.. application of a dilute solution of iodine; 
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3. decolonisation with an organic solv ent such 
as ethano l, acetone or anilin e; 

4. counterstaining with a dye of contrasting 
colour such as carbo! fuchsin. safraninc or 
neutral red. 

The Gram stain differentiates bacteria into two 
broad groups. Gram positive bacteria are those 
that resist decoloun sation and retain the prim ary 
stam, app earing violet. Gram neg a tive ba cteria 
arc decolourised by organic solvents a nd, there- 
fore, tak e the cou nterstain, appearing red The 
exact mechanism of the Gram reaction is not 
understood. The Gram positive cells have a mnri; 
- ^acidic protoplasm , which may account for their 
retaining the basic primary dye more strongly 
than the Gram negative bacteria Pccolourisa - 
tion is not an alt-or-nonc phenomenon . The 
Gram positive cells may be decolourised by pro- 
longed treatment with the organic solvent Con- 
versely, inadequate dccolounsation may cause 
all cells to appear Gram positive. The Gram reac- 
tion may be related to the permeability of the 
bacterial cell wall and cytoplasmic membrane to 
the dye iodine complex, the Gram negative, bu t. 
not the Gram positive cells, permitting ihc ou t- 
flow of t he complex during decolonisatio n. The .. 

* Uram positive bacteria become Gram negativ e 
v. hen the celt wallts damaged 
Gram staining is an essential procedure used in 
the identification of bacteria and, frequently, is the 
only method required for studying their morphol- 
ogy Gram reactivity is of considerable impor- 
tance as the Gram positive and negative bacteria 
differ not merely in staining characteristics and m 
structure, but also in several other properties 
such as gr owth r equirements._£uscepjibiljjyjp 
anti bio tiesand pathogenicity*. 

The acid fast stain was discovered byJ Ehrlich . 
who found that after staining with aniline dyes, _ 
tubercle bacilli resist decolourisation with acids 
The method, as modified by Ziehl and Ndelsfcn, is 
in common use now. The smear is stained by a 
‘ , strong solution of carbol fuchsin with the applica- 
tion of heat. It is then decolourised with 20 per 
*y cent sulphuric acid and counterstaincd with a 
contrasting dye such as methylene blue. The acid 


fast bacteria retain the fuchsin (red) colour while 
the 'others take the counterstain. Acid fastness 
has been ascribe d to the high conte nt and vari ety- 
of lipids, fatty acid s and higher alcohols foundjn. 
tubercle bacill i. A lipid peculiar To* acid fast 
bacilli, a high molecular weight hydroxy acid wax 
containing carboxyl groups ( mycbl ic'acid), is acid 
fast in the free state. Acid fastness is not a pro- 
perty of li pids alone , but depends als<T on the 
integrity of the c ell wall. " " ‘ ’ 


Shape of bacteria 


& 


Depending on their shape, bacteria are classified 

into several varieties (Fig. 2.1): 

1. Cocci (from kokkos, meaning berry) are 

spherical or oval cells. * 

2. Bacilli (from bacillus, meaning rod) are rod- 
shaped cells. 

3. Vibrios are comma shaped, curved rods and 
derive the name from iheir characteristic 
vibratory motility. 



Fig 2 t Sh.ipcs of hjctcnj 1 coccus 2 bacillus 3. vibrio 
4 spirillum 5 spiroshdctc 
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4 . Spirilla arerjgjd spiral forms. 

5. Spirochaetes (from speira, meaning coil, 
chaiie, meaning hair) are fle^tio us spiral 
forms. 

6. Actittontycefes are branching filamentous hac - 
teria , so called because of a fancie d resemb lance 




t o radiating sun ra vs when seen in tissue 
lesi ons ( from aciis, meaning ray, mykes, 
meaning fungus). T he characteristic shape is 
due to the presence ofiTrigid cell wa ll 
7. Myeoplasmas are bacteria that are cell wall 
deficient and hence do not possess a stable 
morphology. They occur as round or oval 
bodies and as interlacing filaments. When cell 
wall synthesis becomes defective, either spon - 
t aneously or as a result of d rugs such as penic il- 
hn, b acteria lose their distinctive shap e. Such 
H its are called protoplasts, spheroniasl s or 
L form s . 

"Bacteria sometimes show characteristic cellu- 
lar arrangement or grouping (Fig 2.2). Thus, 
cocci may be arranged in pairs (diplococci) . 
chains (streptococci), groups of four (tetrads) oi 



Fig 2 2 Arrangement of cocci- I streptococci 2 pneumococci 
3. gonococci 4 mening ococci 5 Neisseria eararrh ahs 
6. Gaffyka tetragena 7. sarcina 8. staphylococci 




Vi/ 



vu 

-W'vAa 

2 


*/ 


Fig 2.3 Arrangement of baciili: 1 baalli in dusters 2. bacilli Fig 2.4 Arrangement of curved bactena: I. vibrio 2. spm)] a 
in chains (B anthrax) 3. diptobacitli (AT pneumoniae) 3 spirochaetes 
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eight (sgrcmg j, or as grape-like clusters 
(staphylococci). 

Some bacilli also may be arranged in chains 
(streptoba cilli). Some other bacilli arc arranged 
at angles to each other, pre sent ing a cuneiform or 
Chinese letter pattern (cor yneba cteria). The ty pe 
o? cell ular a rrangement is_deierminecLhy the 
plane thr ough which b inary fission tak es p lace 
aricITjy the tendency of the daught er cel ls to 
remain attached even after division. 

Bacterial anatomy 

Fig 2.5 shows the structure an idealised bacterial 
cell. The outer layer or cell envelope consists of 
two components' — a rigid cell wall and beneath it 
a cytoplasmic or plasma membrane. The cell 
envelope encloses the protoplasm, comprising 
the cytoplasm, cytoplasmic inclusions such as 
ribosomes and mesosomes, granules, vacuoles 
and the nuclear body. Besides these essential n g . 2 6 Chemical structure of bacienat cell wall, 

components, some bacteria may possess addi-(^)* 

tional structures. The cell may be_encIosed in a rite cell wall: The cell wall accounts for the shape 
viscid layer, whichmay be aloosc slime layer, or „f lhc bacierial cell ami confers on il ricidilv an d 
organised as a_cajtsule. Some baclcria carry , ductility. The cell wall cannot be seen hv direct 
filamentous appendages prolruding from the cell tight microscopy and does not stain with simple 
surface — the flagella which are organs of loco- dyes. I l may be demonstrated by nlasmnlvsi s. 
motion and the flmbriae which appear lo be when placed in a hypertonic solution, the cyto- 
organs for adhesion. plasm loses water by osmosis and shrinks, while 

the cell wall retains the original shape and size 
(bact erial ghost).- The cell wall may also be 
demonstrated by microdisse ction, reaction ; with 
s pecific antibo dy, mech anical rupture o f thc.cgll^ 
differential sta ining procedures or b y elect ron 
microscopy. Bacterial” "cel! walls arc about 
. iO-25~nm i n thickness and account for about 20-30 
per cent of the dry weight of the ce l ls. Chemi- 
cally, the cell wall is composed of mucope[itKle ~~ 
(jnurein) scaffolding formed by N acccTyl giuco- 
saminc and N acetyl muramic acid molecules 
alternating in chains, which are cross linked by 
peptide chains (Fig 2.6). The interstices of this 




_ scaffolding contain other chemicals, varying in 

Fig 2 5 Diagram of an bactenal cell I. Capsule 2. Pill , , rr , ... ,, ,t e 

! 3 Outer membrane 4 Drvision septum 5 Ribosomes 6 t,lc d,fferent species. In general, jhe cell wall of 

DNA 7. Granular Inclusions 8. Flagella 9. Fat globules 10.* Gram positi ve bac teri a have rsimplerchemical 
M csosom cii Cytoplasmic membrane 12. Pepndogljcan nature than those of Gram ne gative bacteria 
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respiratory enzymes in ba ct eria and are a nalo- Bacterial nuclei can be demon stratedJ>y acid 
rous io the m it och on dria of euk aryotes. Meso- or ribonuci ease hydrolysis and subsequent s tain- 
somes are often seen in relation to the nuclear ins for nuclear materi al. The y may be se en by 
body and the site of synthesis of cross wall septa, electron microscopy. They appear as ovaT or 
suggesting that they coordinate nuclear and cyto- elongated bodies," generally one per cell. Some 
plasmic division during binary fission. cells may possess two or more nuclear bodies due 

to'asynchrdriy'between nuclear and cytoplasmic 
Intracytoplasmic inclusions may be of various division. 

types, the chief of which are volutin, polysaccha- Bacterial nuclei have no nuclear membrane or 
ride, lipid and crystals. They are characteristic for nucleolus. The nuclear deoxyribonucleic acid 
different species and depend on the age and con- (DNA) does not appear to be associated- with 
dition of the culture. Volutin granules (metachr o- basic protein. The genome consists of a single 
mafic or Bab es-Ernsi granu les) are highly rcfrac- molecule of double-stranded DN A arrang ed in 
tive, strongly basophilic bodie s consisting of th e form of a circ le, which may open under ccr- 
polymctaplio sphat e . They appear reddish when tain conditions toTorm a long chain, about lOOOp. 
stained with polychrome methyl ene ^ blu e i or in length. The bacterial chromosome ish anloid 
toluidine blue (meiachromasi a). S pecial stainin g and replicates by simple fission instead of by 
tech niques such a s Alber ts or Neisscr’s demo n- mitosis as in higher cells. The differences bet- 
stra te the granules more cle arly. Volutin granules ween the nuclei of bacteria and higher organisms 
arc characteristically present in diphtheria bac il- form the main basis for classifying them as proka- 
Ih Their function is uncertain. They have been ryotes and eukaryotes. 

considered to represent a reserve of energ y and Bacteria may possess extranuclear genetic ele- 
phpsphate for ceil me tabolism, but they are most ments consisting of DNA. These cytoplasmic car^f 
frequent in cells grown under conditions of nutri- riers of genetic information are termed plasmids 
tional deficiency and tend to disappear when the oxep'isome s (sec Chapter 8). Besides being trans- 
deficient nutrients are supplied. mitted to daughter cel ls du ring binar y fission. 

Polysaccharid e granules may be demonstrated they .may be transferred from one bacterium to 
by staining with iodin e, and lipid inclusions with an other ei ther through conjuga tionorTh e agency 
fat soluble dyes such as Sudan bl ack. They appear of bacteriophag es. T hey are hnLc ssentjalfar the 
to be"storage products. Vacuoles are fluid con- life of the cell they inhabit, but may confer on it 
tainmg cavities separated from the cytoplasm by c ertai n propenjesliketoxigemcitya t id'd rug resis- 
a membrane. Their function and significance'are tance which may c onsti tute a survival advan tage, 
uncertain. \ 

Slime layer and capsule: Many bacteria secrete a 
Nucleus: The existence of Jhe bacterial nucleus viscid material around the cell surface. When this 
was for long a matter of controversy. They cannot is organised into a sharp ly defined structme, a s in 
be demonstrated by direct light microscopy, the pneumococcus^ it is ~known as the capsule 
Basic dyes stain the whole bacterial cell intensely When it is a loose u ndcmarca ted secretio n as in 
and uniformly, without any nucleocytoplasmiq^ leuconosto c, it is called the s lime la y er. Capsules 
differentiation. As bacteria obey the laws of too lhinlo be seen under the light microscopes 
heredity, it was evident that they possessed a are called microcapsules. The slime is generally, ^ 
functional, if perhaps not a structural, nuclear but not invariably, polysacc haride (e.g., pneumo- J 
apparatus. Heoce, while some held that bacteria coccus) or p olypeptid pXe'.g ; anthrax bacillu s) in 1 1 / 
did possess nuclei like higher organisms, others, nature. Some bacteria may have both a capsule ( 

: suggested that the whole bacterial cell rep- and a slime layer (e.g., St&piocgccussciUvarius). J 
•'resented a nucleus. Bacteria secreting large amounts of slime pro- 
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ducc mucoid growth on agar, with a stringy con- 
sistency when touched with the loop. 

Slime has little affinity for basic dj es and is not 
visible in Gram stained smears. Special cap sule 
staining technique s are availab le, usually em - 
ploying copper salts as mordan ts. Capsules may 
he readily demonstrated by negative stain ing in 
wet films with Indian ink, when they are seen as 
clear halos around the bacteria, against a black 
background (Fig. 2.7) 

Ca psular material is antigenic an d may he de - 
mons trated hv serolog ical methods. SVhcn a sus- 
pension oTTcapsulatcirHactcHmn is mixed with 
its specific anticapsular scrum and examined 
under the microscope, the capsule becomes very 
prominent and appears “swollen* due to an 
increase iq jcfca ctivitv. This capsule swelling 
(or JJdclfitnQ -reaction. (/described hv NeufcUL 
MuR I^e 'ntnloYg dlor the ty ping of 
pneumococci in the prc-sulphonamidc days when 
' lobar pneumonia used to be treated with specific 
antlcapsularscnT 

Capsules protect bacteria from deleterious 
agents such as lytic enzym es found in nature. 
They also contribute to' the virulen ce of patho- 
genicTjacieria by injnbltmgphagocytosis. Loss of 
the capsule by mutation may render the bacte- 
rium avirul ent^ Repeate d subcultures ni_n'tro 
lead to the loss of capsule and also o (virulence. 



Fig 2.7 Pneumococci negatively stained with Indian tnT to 
show capsule. 


j$r 

Flagella: Motile bacteriarexccpting spirochae- 
tes, possess one or more unbranched . long; sinu- 
ous filaments called flagella which are the organs 
of locomotion. Each flagellum consists of three 
distinct parts, the filament, the hook and the 
basal body. The filament is external to the cell 
and connected to the hook at the cell surface. The 
hook-basal body portion is embedded in the cell 
envelope. The hook and basal body are antigeni- 
cally different. Mechanical detachment of the 
filament does not impair the viability of the cell. 
The flagella are 3-20 pm long and are of uniform 
diameter (0.01-0.013 pm) and terminate in a 
square tip. The wavelength and thickness of the 
filament are characteristic of each species but 
some bacteria exhibit biplicity, i.e., have flagella 
of two different wavelengths (Fig. 2.S). Flagella 
—ore made up of a protein (flagelhn) similar to 
keratin or myosin. Though flagella of different 
genera of bacteria have the same chemical com- 
position, they are antigcnically different. Flagel- 
lar antigens induce specific antibodies In high 
titres. Flagellar antibodies are not protective, but 
are useful in scrodiagnosis. 

The presence or absence of flagella and their 
number and arrangement are characteristic of 
different genera of bacteria (Fig. 2.9). Flagella 
may be arranged all round the cell ( perifrichotts ) 
as in typhoid bacilli, or situated at one or both 
ends of the cell {polar ), Polar flagella may be 
single (monotrichous) as in cholera vibrios, in 
tufts {lophotrichous) as in spirilla or with flagella 
at both poles ( amphitrichotts ) 

Flagella are only about 0.02p in thickness and 
hence beyond the limit of resolution of the light 
microscope. T hey ma y, in some instances, be 
seen under dark ground illumination. They can 
be visualised by special staining techniques in 
which their thickness is increased bv mor dantincA^** 
or by electron microscopy (Fig.2.10). Due to the 
difficulty of demonstrating flagella directly, their 
presence is usually inferred by the motility of 
bacteria. Motility can be observed by noting the 
spreading type of growth on a semisolid agar 
medium. Under the microscope, active motility 
has to be differentiated from the passivie move- 
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Fig. 2 8 Flagellum and its pam 1. Arrow shows the junction 
of the hook and filament 2. ring for attachment to outer 
Jipo poly saccharide O antigen-complex membrane of the 
ceil wa!IX rod connecting top and bottom rings 4. ring for 
its association with thc_E£pUi joglycan layer o f the cell wall 
5. nng located just above cytoplasmic membrane M. ring 
for attachment to the cytoplasmic membrane. 


ments of the cells, cither due to air currents or 
due to Brownian movement. Bacterial motility 
may range from the slow 'stately* motion of peri- 
trichate bacteria (e.g., Bacillus ) to the darting 
movement of polar flagellated vibrios. The chol- 
era vibrio may move as fast as 200p. per second. 

Fimbriae: Somc_Gr am negative bacil li carry very' 
fine, hair-hke surface appendages calle d fimbria e 
or pi'/l They are shorter and thinner than flagella 
(about 0.5p long and less than 10 nm thick) and 
project from the cell surface as straight filaments 
At least^ cight morphological types of pili are 
known, classifiable as either common or sex pih 
on .the basis of function Pih comprise self- 
aggregating monomers o fpilin They originate in 
cctt membrane Fimbriae can be seen onty 
under the electron microscope. They arc unre- 
lated to motility and are found on motile as well 
as nonmotile cells. They arc best developed in 
freshly isolated strains and in liquid cultures. 
They tend to disappear following subcultures on 
solid media. 

Fimbriae function as organs of adhesion, help- 
ing the cells to adhere firmly to panicles of vari- 
ous kinds. This property may serve to anchor the 
bacteria in nutritionally favourable microenvi- 
- Fimbriated bacteria form surface pel- 
. pities in liquid media. Many fimbriated cells 


{e.g., Escherichia, Klebsiella ) agglutinate red- 
blood cells of guinea pigs, fowl, horses and pigs 
strongly, human and sheep cells weakly and ox 
cells scarcely at all. Haemagglutination provides 
a simple method for detecting the presence of 
such fimbriae. The haemagglutination is specif i : ^/ 
cally inhibited by D mannose. 

Fimbriae arc antigenic. As members of diffe- 
rent genera may possess the same fimbria! anti- 
gen, it is necessary to ensure that the bacterial 
antigens employed for serological tests and pre- 
paration of antisera arc devoid of fimbriae. 

A special type of fimbria is the sex pilus. These 
are longer and fewer in number than other fim- 
briae. They arc found on ‘male’ bacteria and help 
in the attachment of those cells to ‘female* bacte- 
ria, forming hollow ‘conj'ugation-tubes’ through 
which, it is assumed, genetic material is transfer- 
red from the donor to the recipient cell. Pili arc 
classified into different types (e.g. , F, I) based on 
susceptibility to specific bacteriophages. 



JFlg29 Types of flagellar arrangement !. single pohr fla- 
gellum 2. single flagellum at each pok 3. luft of flagella at 
one pole 4 tufts of (la gel la at both poles 5 pentnehous 



MORPHOLOGY AND PHYSIOLOGY OF BACTERIA 


17 


Spore: Some bacteria, particularly members of 
the genera Bacillus and Clostridium, have the 
ability to form highly resistant resting stages 
called spores. Each bacterium forms one spore, 
which on germination forms a single vegetative 
cell. Sporulation in bacteria, therefore, is not a 
method of reproduction. As bacterial spores are 
formed inside the parent celt, they are called 
endospores. 

While the exact stimulus for sporulation is not 
known, it occurs after a period of vegetative 
growth and is presumed to be related to the 
depletion of exogenous nutrients. Sporulation is 
initiated by the appearance of a dear area, usu- 
ally near one end of the cell, which gradually 
becomes more opaque to form the ‘forespore*. 
The fully developed spore has at its core the nuc- 
lear body, surrounded by the spore wall, a deli- 
cate membrane from which the cell wall of the 
future vegetative bacterium will develop. Out- 
side this is the thick spore cortex, which in turn is 
enclosed by a multilayered tough spore coat. 
Some spores have an additional outer covering 
called exosporium, which may have distinctive 



Fig 2. JO Electron micrograph of £ cot 1 . 1 . Flagella 2. F. pill 
3. ordinary ptli or fimbriae 


ridges and grooves (Fig. 2.11). New antigens 
appear on sporulation. 

Young spores are seen attached to the parent 
cell. The shape and position of the spore and its 
size relative to the parent cell are species charac- 
teristics. Spores may be central (equatorial), ter- 
minal orsubterminal. They may be oval or spher- 
ical, They may or may not distend the bacillary 
body (Fig. 2.12). " 

Bacterial spores constitute some of the most 
resistant forms of life. They may remain viable 
for centuries. They arc extremely resistant to 
desiccation and relatively so to chemicals and 
heat. Though some spores may resist boiling for 
prolonged periods, spores of all medically impor- 
tant bacteria are destroyed by autoclaving at 
120°C for 15 minutes. Methods of disinfection 
and sterilisation should ensure destruction of 
spores also. Sporulation helps bacteria to survive 
for long periods under unfavourable environ- 
ments. 

When transferred to conditions conducive to 
vegetative growth, spores germinate. The spore 
loses its refractility, and swells. The spore wall is 



Fig. 2.1 J Diagrammatic representation of a bacterial spore. 
J . germinal groove 2. outer conical layer 3, -cortex 4. inter- 
na! spore coat 5. subcoat material 6 outer spore coat 
7. cytoplasmic membrane 8. cell wall primordium 
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3 subtcrminal, bulging. - 
6. terminal, ova! 


subtcrminal, not bulging, 5 terminal, spherical. 


shed and the germ cell appears by rupturing the 
spore coal. The germ ceil elongates to form the 
vegetative bacterium. 

Spores may be seen in unstained preparation as 
retractile bodies. The forespore stains intensely, 
but once the spore envelope is laid down, the 
spore does not stain readily. Spores appear as 
unstained areas in Gram stained preparations, 
but being more acid fast than the vegetative cells, 
they can be stained by a modification of the 
Zichl-Ncclsen technique 

Pleomorphism and involution forms: Some 
species of bacteria exhibit great variation in the 
shape and size of individual cells. This is known 
as pleomorphism. Ce rtain species (e.g., plagu e 
b acillus, gonococcu slshow swollen and aberrant 
forms in ageing cultures, especially in the pre- 
sence of high salt concentration. These, arc 
known as involution forms. Many of the cells may 
be nonviaWc. PteomorpYrisTn and involution 
forms arc often due to defective cell wall synth- 
esis. Involution forms may also develop due to 
the activity of autolytic enzymes. 

L forms. Kleineberger-Nobcl, studying cultures 
of St repiobacilhis month formit , observed swollen 
ccl!s~and other aberrant morphological forms and 
named them L forms, after the Lister Institute, 
London, where the observation was made. 
’ forms arc seen in several species of bactem. 
. { toping eithCT spontaneously or in the pre- 

/' J^Vnce of penicillin or other agents that interfere 


with cell wall synthesis. L forms may be unstable 
in that the morphological abnormality is main- 
tained only in the presence of penicillin and other 
inducing agents, or stable, when the aberrant 
form becomes the permanent feature of the strain 
and is retained in serial subcultures. 

L forms resemble mycoplasfaas in several 
ways, including morphology, type of growth on 
agar and filterability. It is possible that mycoplas- 
mas represent stable L forms of as yet unidenti- 
fied parent bacteria. L forms of bacteria have 
been isolated from patients suffering from 
chronic urinary and suppurative infection but 
their role in the causation and maintenance of 
disease remains to be clarified. 

Growth and multiplication of bacteria 

Bacteria divide by binary fission. When a bacte- 
rial cell reaches a certain size, it divides to form 
two daughter cells. Nuclear division precedes cell 
division and, therefore, in a growing population, 
many cells carrying two nuclear bodies can be 
seen. The cell divides by a constrictive or pinch- 
ing process, or by the ingrowth of a transverse 
septum across the cell. In some species, the 
daughter cells may remain partially attached 
after division. 

The interval of time between twocell divisions, 
or the time required for a bacterium to give rise to 
two daughter cells under optimum conditions, is 
known as the gencratiVm time or population doub- 
ling time. In coliform bacilli and many other 
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medically important bacteria, the generation 
time is about 20 minutes. Some bacteria are 
slow-growing; the generation time in tubercle 
bacilli is about 20 hours and in lepra bacilli as 
long as about 20 days. As bacteria reproduce so 
rapidly* and by geometric progression, a single 
bacterial cell can theoretically give rise in 
24 hours to 10 ZI progeny, with a mass of approxi- 
mately 4000 tons! In actual practice, when bac- 
teria are grown in a vessel of tiquid medium 
(batch culture), multiplication is arrested after a 
few cell divisions due to depletion of nutrients or 
accumulation of toxic products. By the use of spe- 
cial devices for replenishing nutrients and remov- 
ing bacterial cells (chemostat or turbidistat), it is 
possible to maintain continuous culture of bac- 
teria for industrial or research purposes. When 
pathogenic bacteria multiply in host tissues, the 
situation may be intermediate between a batch 
culture and continuous culture; the source of nut- 
rients may be inexhaustible, but the parasite has 
to contend with the defence mechanisms of the 
body. Bacteria growing on solid media form colo- 
nies. Each colony represents a clone of cells 
derived from a single parent cell. In liquid media, 
growth is diffuse. 

Bacterial growth may be considered at two 
levels, increase in the size of the individual cell 
and increase in the number of cells. The former is 
ordinarily limited and when the critical size is 
reached, the cell divides, except when cell divi- 
sion is inhibited by substances like penicillin or 
acriflavine or by growth in Mg + + deficient 
media. Growth in numbers can be studied by' 
bacterial counts. Two types of bacterial counts 
can be made, total count and viable count. 

The total count gives the total number of cells 
in the sample, irrespective of whether they are 
living or not. It can be obtained by 

1. direct counting under the microscope using 
counting chambers; 

2. counting in an electronic device as in the Coul- 
ter counter; 

3. direct counting using stained smears prepared 
by spreading a known volume of the culture 
over a measured area of a slide ; 


4. comparing relative numbers in smears of the 
culture mixed with known numbers of other 
cells; 

4. by opacity measurements using an absorpfio- 
meterornephalometer; \ 

6. by separating the cells by centrifugation or filt- 
ration and measuring their, wet or dry weight: 
and 

7. chemical assay of cell components such as nit- 
rogen. 

The viable count measures the number of living 
cells, i.e., cells capable of multiplication. Viable 
counts are obtained by dilution or plating 
methods. In the dilution method, the suspension 
is diluted to extinction, i.e., to- a point beyond 
which unit quantities do not yield growth when 
inoculated into suitable liquid media. Sey cr al 
tubes are inoculated with varying dilutions and 
the viable count calculated statistically from the 
number of tubes showing growth. The method 
does not give accurate values, but is used widely 
in water bacteriology for estimation of the ‘pre- 
sumptive coliform count’ in drinking water. In 
the plating method, appropriate dilutions are 
inoculated on solid media , either on the surface of 
plates or as pour plates. The number of colonies 
that develop after incubation gives an estrmateof 
the viable count. The method commonly 
employed is that described by Miles and Misra 
(1938) in which serial dilutions are dropped on 
the surface of dried plates and colony counts 
obtained. 

Bacterial growth cirrre 

When a bacterium is seeded into a suitable 
liquid medium and incubated, its growth fol- 
lows a definite course. If bacterial counts are 
made at intervals after inoculation and plotted 
in relation to time, a growth curve is obtained 
(Fig. 2.13). 

The curve shows the following phases: 

1. Lag phase : Immediately following the seeding 
of a culture medium, there is no appreciable 
increase in numbers, though there may be an 
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Rg 2 13 Bacterial growth curve The viable count show. |jg. 
log. stationary and decline phases In the total count, the 
phase of decline is not evident 

increase in the size of the cells. This initial period 
is the time required for adaptation to the new 
environment, during which the necessary 
enzymes and metabolic intermediates are built 
up in adequate quantities for multiplication to 
proceed. The duration of the lag phase varies 
with the species, size of inoculum, nature of cul- 
ture medium and environmental factors such as 
temperature. 

2. Log ( logarithmic ) or exponential phase : Fol- 
lowing the lag phase, the cells start dividing and 
their numbers increase exponentially or by 
geometric progression u ith time. If the logarithm , 
of the viable count is plotted against time, a 
straighj line will be obtained. 

3. Stationary phase: After a varying period of 
exponential growth, cell division comes to a hall 
due to depletion of nutrients and accumulation of 
toxic products. The number of progeny cells 
formed is just enough to replace the number of 
cells that die. The viable count remainsstationary 
as an equilibrium exists between the dying cells 
and the new-formed cells. 

4 Phase of decline: This is the phase when the 
population decreases due to the death of cells 


Besides nutritional exhaustion and toxic accumu- 
lation, cell death may be caused by autolytic 
enzymes also. 

When the total count is plotted, it parallels the 
viable count up to the stationary phase, but it 
continues steadily without any phase of decline. 
With autolytic bacteria, even the total count 
shows a phase of decline. 

The various stages of the growth curve are 
associated with morphological and physiological 
alterations of the cells. Bacteria have the 
maximum cell size towards the end of the lag 
phase. In the log phase, cells arc smaller and stain 
uniformly. In the stationary phase, cells fre- 
quently are Gram variable and show irregular 
staining due to the presence of intracellular stor- 
age granules. Sporalation occurs at this stage. 
Also, many bacteria produce secondary 
metabolic products such as exotoxins and 
antibiotics. Involution forms arc common in the 
phase of decline. 

Racterial nutrition 

The bacterial cell has the same general chemical 
pattern as the cells of higher organisms. The prin- 
cipal constituent of bacterial cells is water, which 
represents about 80 per cent of the total weight. 
Proteins, polysaccharides, lipids, nucleic acids, 
mucopeptides and low molecular weight com- 
pounds make tip the rest. Bacterial metabolism 
'also is closely similar to the metabolism of the 
.higher organisms, exemplifying the ‘unity of bio- 
chemistry’. There are, however, some differ- 
ences which are exploited in selective toxicity and 
chemotherapy. 

For growth and multiplication of bacteria, the 
minimum nutritional requirements are ivatcr, a 
source of carbon, a source of nitrogen and some 
inorganic salts. Water is the vehicle for the entry 
of all nutrients into the cells and for the elimina- 
tion of all waste products. It participates in the 
metabolic reactions and also forms an integral 
part of the protoplasm. 

Bacteria can be classified nutritionally, based 
on their energy requirements and on their ability 
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to synthesise essential metabolites. Bacteria 
which derive their energy from sunlight are called 
phototrophs and those that obtain energy from 
chemical reactions arc called chemotropfis. Bac- 
teria that can synthesise all their organic com- 
pounds are called autotrophs. Those that are 
unable to synthesise their own metabolites and 
depend on preformed organic compounds arc 
called heterotrophs. Autotrophs are able to 
utilise atmospheric carbon dioxide and nitrogen. 
They are capable of independent existence in water 
and soil and arc of no medical importance, 
though they are of vital concern in agriculture 
and the maintenance of soil fertility. Hctero- 
trophic bacteria arc unable to grow with carbon 
dioxide as the sole source of carbon. The nutri- 
tional requirements of hetcrotrophs vary widely. 
Some may require only a single organic substance 
such as glucose, while others may need a large 
number of different compounds such as amino- 
acids, nucleotides, lipids, carbohydrates and 
coenzymcs. 

Bacteria require a supply of inorganic salts, 
particularly the anions phosphate and sulphate, 
and the cations sodium, potassium, magnesium, 
iron, manganese and calcium. These are nor- 
mally present in the natural environments where 
bacteria live, but will have to be supplied in cul- 
ture media. Some ions such as cobalt may be 
needed in trace amounts. 

Some bacteria require for growth certain 
organic compounds in minute quantities. These 
are known as growth factors or bacterial vita- 
mins. Growth factors may be ‘essential* when 
growth does not occur in their absence, or ‘acces- 
sory’ when they enhance growth, without being 
absolutely necessary for it. In many cases, bacte- 
rial vitamins are identical with the vitamins 
necessary for mammalian nutrition, particularly 
those belonging to the B group — thiamine, ribo- 
flavine. nicotinic arid, pyridoxine. folic arid and 
vitamine 

If a microorganism requiring an essential 
growth factor is inoculated into a medium con- 
taining an excess of all other nutrients, its growth 
will be proportional to the amount of the limiting 


substance added. Within a certain range, the con- 
centration of the growth factor will bear a linear 
relationship with the amount of growth of the 
organism. This is the principle of microbiological 
assays, which provide a very sensitive and specific 
method for estimation of many aminoacids and 
vitamins, as in the determination of vitamin B j3 
using Lactobacillus leichmannii. 

Oxygen requirement and metabolism 

Depending on the influence of oxygen on growth 
and viability, bacteria are divided into a erobes 
and anaerobe s. Aerobic bacteria require oxygen 
for growth. They may be obligate aerobe s like the 
cholera vibrio , which will grow only in the pre- 
s ence of oxyge n, or facultative anaerobes which 
are ordmanly aerobi c, but can grow also in the 
ab sence ot oxygen , though less abundantf y. Most, 
bacteria of medical importance. are_facultntive 
anaerobe s. Anaerobic bacteria, such as clos- 
India, grow in the absence of oxygen and the obli- 
gate anaerobes may even die on exposure to oxy- 
gen. Microaerophilic bacteria are those that grow 
best in the presence of a low oxygen tension. 

The reason for the apparent toxicity of oxygen 
for anaerobic bacteria is not well understood. It 
has been suggested that in the presence of oxy- 
gen, hydrogen peroxide and other toxic 
peroxides accumulate. The enzyme catalase 
which splits hydrogen peroxide is present in most 
aerobic bacteria, but is absent in the anaerobes. 
Another reason might be that obligate anaerobes 
possess essential enzymes that are active only in 
the reduced state. 

The influence of free oxygen is related to the 
metabolic character of the bacterium. Aerobic 
bacteria obtain their energy and intermediates 
only through oxidation involving oxygen as the 
ultimate hydrogen acceptor, while the anaerobes 
use hydrogen acceptors other than oxygen. 
Facultative anaerobes may act in both ways. In 
the case of aerobes, where the ultimate electron 
acceptor is atmospheric oxygen (aerobic respira- 
tion), the carbon and energy source may be com- 
pletely oxidised to carbon dioxide and water. 
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Energy is provided by the production of energy- 
rich phosphate bonds and the conversion of 
adenosine diphosphate (ADP) to adenosine 
triphosphate (ATP). This process is known as 
oxidative phosphorylation. Anaerobic bacteria 
use as electron acceptors compounds such as nit- 
rates or sulphates, instead of oxygen (anaerobic 
respiration). A more common process in 
anaerobic metabolism may be a senes of 
oxidoreductions in which the carbon and energy 
source acts both as the electron donor and elec- 
tron acceptor. This process is known as fermenta- 
tion and leads to the formation of several organic 
end-products such as acids and alcohols, as well 
as of gas (carbon dioxide and hydrogen). During 
the process of fermentation, energy-rich phos- 
phate bonds are produced by the introduction of 
organic phosphate into intermediate metabo- 
■htes. This process is known as substrate-level 
.phosphorylation. The energy-rich phosphate 
groups so formed are used for conversion of ADP 
to ATP 

In determining the growth of aerobic and 
anaerobic bacteria, what is more important, than 
the presence or absence of oxygen as such, is the 
state of oxidation of the environment. The oxidis- 
ing or reducing condition of a system is indicated 
by the net readiness of ail the components in that 
system to take up, or part with electrons. This is 
known as the oxidation-reduction (redox) poten- 
tial of the system. The redox potential of a 
medium is best estimated by measuring the elec- 
trical potential difference set up between the 
medium and an ‘unattackable’ electrode 
immersed in it This electrode potential (Eh) can 
be measured in millivolts. The more oxidised the 
system, the higher is the potential. A simpler, 
though less accurate, method of measuring the 
redox potential is the use of oxidation-reduction 
indicators such as methylene blue, and noting the 
colour change. 

Carbon dioxide 

All bacteria require small amounts of carbon 
dioxide for growth. This requirement is usually 


met by the carbon dioxide present in the atmos- 
phere, or produced endogenously by cellular 
metabolism. Some bacteria like Brucella abortu i 
require much higher levels of carbon dioxide 
(5-10 per cent) for growth, especially on fresh 
isolation. 

Temperature 

Bacteria vary in their requirements of tempera- 
ture for growth For each species, there is a 
’temperature range’, and growth does not occur 
above the maximum or below the minimum of 
the range. The temperature at which growth 
occurs best is known as the ‘optimum tempera- 
ture’, which in the case of most pathogenic bac- 
teria is 37°C. Bacteria which grow best at temper- 
atures of 25-40°C arc called mesophilic. All para- 
sities of warm-blooded animals arc mesophilic. 
Within the group of mesophilic bacteria, some 
like Pseudomonas aeruginosa have a wider range 
(5-43°C) while others like the gonococcus have a 
restricted range (30-39°C). 

Psychrophiltc bacteria are those that grow best 
at temperatures below 20 a C, some of them even 
growing at temperatures as low as -7°C They 
are soil and water saprophytes and, though not of 
direct medical importance, may cause spoilage of 
refrigerated food. Another group of non- 
pathogenic bacteria, the thermophiles, grow best 
at high temperatures, 55-80°C. They may cause 
spoilage Of underprocesscd canned foods. Some 
thermophiles (e.g , Bacillus stcarothermophilus) 
form spores that are exceptionally thermoresis- 
tant. Extremely thermophilic bacteria have been 
identified which can grow at temperatures as high 
as250°C. 

Bacteria also differ in the effect of temperature 
on viability. Heat is an important method for the 
destruction of microorganisms (sterilisation), 
moist heat causing coagulation and denaturation 
of proteins and dry heat causing oxidation and 
charring Moist heat is more lethal than dry heat. 
The lowest temperature that kills a bacterium 
under standard conditions in a given time is 
known as the thermal death, point. Under moist 
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conditions most vegetative mesophilic bacteria 
have a thermal death point between 50° and 65°C 
and most spores between 100° and 120°C. 

At low temperatures some species die rapidly, 
but most survive well. Storage in the refrigerator 
(3-5°C) or the deep freeze cabinet (-30° to 
~70°C) is used for preservation of cultures. 
Rapid freezing as wit h solid carbon dioxide or the 
use of a stabiliser such as glycerol minimises the 
death of cells on freezing. 

Moisture and drying 

Water is an essential ingredient of bacterial pro- 
toplasm and hence drying is lethal to cells. How- 
ever, the effect of drying varies in different 
species. Some delicate bacteria like Treponema 
pallidum are highly sensitive, while others like 
staphylococci withstand drying for months. 
Spores are particularly resistant to desiccation 
and may survive in the dry state for several 
decades. Drying in vacuum, in the cold (freeze 
drying or lyophilisation) is a method for the pre- 
servation of bacteria, viruses and many labile 
biological materials. 

H-ion concentration 

Bacteria are sensitive to variations in pH. Each 
species has a pH range, above or below which it 
does not survive, and an optimum pH at which it 
grows best. The majority of pathogenic bacteria 
grew bes! at .wsivVaJ s\ T sb'ghtly jMvw artiew 
(pH 7.2-7 .6). Some acidophilic bacteria such as 
lactobacilli grow under acid conditions. Others, 
such as the cholera vibrio, are very sensitive to 


acid, but tolerate high degrees of alkalinity. 
Strong soluions of acid or alkali (5% hydrochloric 
acid or sodium hydroxide) readily kill most bac- 
teria, though mycobacteria are exceptionally 
resistant to them. 

Light 

Bacteria (except phototrophic species) grovy well 
in the dark. They are sensitive to ultraviolet light 
and other radiations. Cultures die if exposed to 
sunlight. Exposure to light may influence pig- 
ment production. Photochromogenic mycobac- 
teria form pigment only on exposure to light and 
not when incubated in the dark. 

Osmoticeffect 

Bacteria are more tolerant to osmotic variation 
than most other cells, due to the mechanical 
strength of their cell walls. Sudden exposure to 
hypertonic solutions may cause plasmolysis — 
osmotic withdrawal of water and shrinkage of 
protoplas m. This occurs more readily in p ram 
negative than in Gram positive bacteria. Sudden 
transfer from a concentrated solution to distilled 
water may cause plasmoptysis — excessive osmotic 
imbibition leadinglo swelling and rupture of the cell. 

Mechanical and sonic stress 

Though bacteria have tough cel! walls, they ma y 

be rvp&ved by mfshsnk-alsittsses $!&}! as grind- 
ing ot vigorous shaking with glass heads. They 
may also be disintegrated by exposure to 
ultrasonic vibration. 
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Sterilisation and Disinfection 


Microorganisms are ubiquitous. Since they cause 
contamination, infection and decay, it becomes 
necessary toremove or destroy them from mate- 
rials or from areas. This is the object of sterilisa- 
tion. The process of sterilisation finds application 
in microbiology for prevention of contamination 
by extraneous organisms, m surgery for mainte- 
nance of asepsis, in food and drug manufacture 
for ensuring safety from contaminating organisms 
and in many other situations. The methods of 
sterilisation employed would depend on the pur- 
pose for which sterilisation is carried out, the 
material which has to be sterilised and the nature 
of the microorganisms that are to be removed or 
destroyed. 

Sterilisation is defined as the process by which 
an article, surface or medium is freed of all micro- 
organisms either iri the vegetative or spore state. 
Disinfection means the destruction of all patho- 
genic organisms, or organisms capable of giving 
rise to infection. T he term antisepsis is used t o 
i ndicate the prevention of infection, usually by 
Inhibiting the growth of bacteria. Chemical disiiv_ 
fectants which can be safefy appfiecf to skin or 
mucous membrane surfaces and are used to pre- 
vent infection by inhibiting the growth of bacteria 
are called antiseptics . Bactericidal agents are 
those which are able to kill bacteria. Bacteriosta- 
tic agents only prevent the multiplication of bac- 
teria and they may remain alive. One and the 
same chemical, bactericidal at a particular con- 
centration, may be only bacteriostatic at a higher 
dilution 

The various agents used in sterilisation can be 
classified os follows: 


A. Physical agents 

1. Sunlight. 2. Drying. 3. Dry heat: flaming, 
incineration, hot air. 4. Moist heat: pasteurisa- 
tion, boiling, steam under normal pressure, 
steam under pressure. 5. Filtration: candles, 
asbestos pads, membranes, 6. Radiation. 
7. Ultrasonic and sonic vibrations. 

B. Chemicals 

1. Alcohols: ethyl, isopropyl, trichlorobutanol. 

2. Aldehydes: Formaldehyde, Glutaraldehyde 

3. Dyes, 4. Halogens, 5. Phenols, 6. Surface- 
active agents, 7. Metallic salts, 8. Gases: 
Ethylene oxide, Formaldehyde, Betaprppiolac- 
tone. 

Sunlight 

Sunlight possesses appreciable bactericidal acti- 
vity and plays an important role in the spontane- 
ous sterilisation that occurs under natural condi- 
tions. The action is primarily due to its content of 
ultraviolet rays, most of which, however, are 
screened out by glass and the presence of ozone 
in the o uter regions of the at mosphere . Under 
natural conditions, its sterilising power varies 
according to circumstances . Direct sunlight, as in 
the tropical countrysides, when it is not filtered 
off by impurities in the atmosphere, has an active 
germicidal effect due to the combined effect of 
the ultraviolet and heat rays. Semple and Grieg 
showed that, in India, typhoid bacilli exposed to 
the sun on pieces of white drill cloth were killed in 
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hours, whereas controls kept in the dark with ultimate hydrolysis and breakdown of the 
; still alive after six days. Bacteria suspender! bacterial protein. In a completely mois- 

aterare readily destroyed by exposure to sun- ture-free atmosphere, bacteria, like many 

This is one of the natural methods of sterili- proteins, are more resistant to heat. They are 

>n in cases of water in tanks, rivers and lakes. killed when oxidation of the cell constituents 

occurs and this requires much higher temper- 
ing atures than that needed for coagulation of 

proteins. ' 

sture is essential for the growth of bacteria. The time required for sterilisation is inversely 
r-fifths by weight of the bacterial cell consists proportional to the temperature of exposure.^, 
ater. Drying in air has, therefore, a deleteri- This can be expressed as thermal death time 
effect on many bacteria. Susceptibility to dry- which is the minimum timefrequirea to kiTfasus^ 

varies with different bacteria and also on the pension of organisms at a predetermined temper- 

.1 it ions under which they are exposed to dry- ature in a specified environment. The sterilisa- 
r.e., on doth, furniture, surrounded by non rime is directly related to the number of 
inic matter, etc. This method is unreliable organisms in the suspension, whether spores are 
is only of theoretical interes t. Spores are present and also the nature of the spores, the 
ffected by drying. strain and characteristics of the organism.. The 

— <r — " time taken For reaching the required level of 

it temperature should always be kept in mind , since 

recommended minimum sterilising times do not 
h is the most reliable method of sterilisation include that. The nature of the material in which 
should be the method of choice unless con- the organisms are heated affects the rate of kil- 
ndicated. Materials damageable by heat can ling. A high content of organic substances gener- 
sterilised at lower temperatures, for longer ally tends to protect the spores and vegetative 
iods or by repeated cycles. The factors organisms against the lethal action of heat. Pro- 
uencing sterilisation by heat are: teins, nucleic acids, starch, gelatin, sugar, fats and 

ature of heat f — whether dry heat or moist oils, all increase the time required, particularly 
eat, /ats and oik . The last two prevent access of mois- 

imperature and time, v tureto the organisms. The presence of disinfec- 

lie number of microorganisms present, tants facilitates the destruction of the organisms, 

he characteristics of the organisms, such as The destruction of spores is facilitated in acid or 
pecies, strain, sporing capacity, and ' alkaline pH. 

he type of material from which the organisms 
lave to be eradicated . Dry heat 

file mechanism by which organisms are 

troyed by moist heat is different from that of Flaming: Inoculating loops or wires, points of 
’ heat. The killing effect of dry heat is due to forceps and searing spatulas are held in a bunsen 
item denaturation, oxidative damage and the flame till they become red hot, for sterilising 
ic effect df elevated levels of electrolytes. The them. If the loops contains infective proteinace- 
lal effect of moist heat is due to the denatura- ous material they should be first dipped in chcm- 
1 and coagulation of protein. The advantage of ical disinfectants before flaming to prevent spat- 
am lies in the latent heat liberated when it con- tering. 

tses on a cooler surface, raising the tempera- Scalpels, needles, mou t hs of culture tubes , 
e of that surface. In the case of the spore, g lass slides, cover slips, et c, could be passed a few 
am condenses on it, increases irs watercontent times through the bunsen flame without allowing 
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them to become red hot. The .bacteria, get must be fitted with a fan to ensure even distribu- 


destroyed. , Needles, basins and .scalpejs are 
sometimes immersed in methylated spirit and jhe 
spirit burnt off them. This is, however, unsatis- 
factory. (() . i' t l/t . 

Incineration : This is an excellent method for 
rapidly destroying materials such as soiled dre s- 
sings, animal carcasses, bedding and pathological 
material. Plastics such as PVC and polythene can 
be dealt with similarly but polystyrene materials- 
emit clouds of dense black. smoke and hence 
should be autoclaved in appropriate containers. 



Hot air oven: This is the most widely used merhod 
of sterilisation by dry heat. A holding period of 
160°C for one hour is used. It is used to sterilise 
glassware, forcep s, s cissors, sca lpel s, all-class 
s yringes, swabs , some pharmaceutical products 
such a s liquid parattin , s ulplionamides, dusting 

powder, fats, greases, et c. Hot air is a bad con- 
ductorof heat and its penetrating power is low. 

The men is usually heated by electricity, with 

heating elements in the w all of the chamber and it 


tion of air and elimination of air pockets. (Fig 
3 ( ,l).,Jt phould not be overloaded. The material 
should "be arranged in a manner which allows free 
circulation of air in between. Glassware' should 
<be perfe ctly dry before being placed in the oven. 
* Test tubes, flasks, etc. s hould be plugged w ith 
cottonwool. Other glassware such as Petri dishes 
aKd*j5ipeTTes should be wran ned in kraft n ancr. 
Rubber materials — except __silkane_mbbej — 
will not stand the temperature. At 18Q 6 C cotton- 
wool plugs may get charred. For cutting instru- 
ments such as those used in ophtlialmicsurgcry. a 
sterilising time of two hours at 150 9 C is recom- 
mended. The British Pharmacopoeia recom- 
mends a holding time of one hour at 150°C for 
oils, glycerol and dusting powder. The oven must 
be allowed to cool slowly for about two hours 
before the door is opened, since the glassware 
may get cracked by sudden or uneven cooling 

Sterilisation control: The spores of a non- 
toxigenic strain o( Clostri dium teiemt are used as a 
microbiological test of dry heat efficiency. Paper 
strips impregnated with 10* spores are placed in 
envelopes and inserted into suitable packs. After 
sterilisation is over, the strips are removed and 
inoculated into thioglycollatc or cooked meat 
media and incubated for sterility test under strict 
anaerobic conditions for five days at 37°C. 

A Brpwjiels-mhe^ gieeiLSPQt) is available for 
dry neat and is convenient for routine use. After 
proper sterilisation a green colour is produced 
(after 60 minutes at 160°C or 115 minutes at 
150 6 C). 

Thermocouples may also be used periodically. 
Moist heat 

t 

Temperatures below 10CPC: For pasteurisation of 
milk: The temperature employed is either 63°C 
for 30 mi nutes <the holder method) or 72*C for 
15- 20 seconds (the flash process) followed by 
c ooling quickly to 13^C or lower . By these pro- 
cesses all nonsponng pathogens such as mycobac- 

teria, brucellae and salmoneltae are destroyed. 
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iella burnetii is' relatively' heat resistant and the steriliser should not be opened during the 
survive the holder method. 1 1 1 period. 1 j 

accine? of nonsporing bacteria are heat in- ■ ' ' 

vated in special vaccine baths at 60°C for one- Steam at atmospheric pressure (lOffC): An at- 
r. Serum or body fluids containing coagulable mospheTe of free steam is used to sterilise culture 
teins can be sterilised by heating for one hour media which may 'decompose if subjected to 
PC in a water bath on several successive days. higher temperatures. A Koch or Arnold steamer 
ledia such as Lowenstein-Jensen’s and Loef- is usually used. (Laboratory autoclaves can also 
's serum are rendered sterile by heating at 80- be used for this purpose.) This is a cheap method. 
3 for halL an hour on th ree successive days in The container and medium are simultaneously 
nspissato fy .( > sterilised, evaporation from the medium is pre- 

■hough practically all mesophilic nonsporing vented and the apparatus requires little or no 
teria are killed by exposure to moist heat at attention. 


Z for 30 minutes, Staphylococcus aureus and 
•ptococcm faecali s require 6 0 minu tes. A 
iperature of 8()°C 'for'5-10 minutes destroys 
vegetative forms of all bacteria, yeasts and 
ulds. Among the most heat-resistant cells are. * 
♦ spores of Clostridium botuVmum which 
uire 12 0°C for four minu tes, or 


The usual steamer consists of a tinned copper 
cabinet with the walls suitably lagged. Thejid is 
conical, enablin g drainage of condensed steanu , 
and a pertorated tr av fitted above rhp wafprJpvrJ _ 
ensures that the material placed on it is sur- 
rounded by steam (Fig. 3.2). 
ninety minutes-imially ensure 
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will germinate and be killed on the subsequent 
occasions. Though this is generally adequate, it 
may fail in the case of spores of certain anaerobes 
and thermophiles. 

Ste am under pressure ^ T he principle of the auto--, 
clave or steam steriliser is that water boils when 
its vapour pressure equals that of the surrounding 
atmosphere. Hence when pressure inside a dosed 
vessel increases, the temperature at which water 
boils also increases. Saturated steam has greater, 
penetrative power. When steam comes into Con- 
tact with a cooler surface it condenses to water 
and gives up its latent heat to that surface (1600 ml 
of steam at HKPC and at atmospheric pressure 
condenses into one ml of water at 100°C and lib- 
erates 518 calorics of heat). The large reduction 
in volume sucks in more steam to the area and the 
process continues till the temperature of that sur- 
face is raised to that of the steam. The condensed 
water ensures moist conditions for killing the 
microbes present 

Sterilisation by ste a m underpressure is e a rned 
o ut at tempera t ures between IU,S'C and 147' C 
By using the appropriate temperature and time, a 
variety of materials such as dressings, instru- 
ments. laboratqryware, media and pharmaceuti- 
cal products can be sterilised. Aqueous solutions 
are sterilised between 108°C and 126°C Heat is 
Conducted through the walls of the scaled con- 
tainers until the temperature of the fluid inside is 
in equilibrium with the steam outside • 

Several types of steam sterilisers are in use 

1. laboratory autoclaves, ' ’ 

2. hospital dressing sterilisers, . 

3. bowl and instrument sterilisers, and 

4. rapid coohngsterilisers. 

In its simplest form, the, laboratory autoclave 
consists of a vertical or horizontal cylinder of gun- 
mctal or stainless steel, in a supporting sheet-iron 
case. The lid or door is fastened by screw clamps 
and made airtight by an asbestos washer. The 
autoclave has on its lid or upper side a discharge 
tap for air and steam, a pressure gauge and a 
safely valve that can be set to blow off at any 



Sufficient water is put in the cylinder, the mate- 
rial to be sterilised is placed on the tray, and heat- 
ing is started The lid is screwed tight with the dis- 
charge tap open. The safety valve is adjusted to 
the requiretl pressure. The steam air mixture is 
allowed to escape freely till all air has been dis- 
placed. This can be tested by allowing the escap- 
ing steam into a pail of water through a rubber 
tubing. When no more air bubbles come out in 
the pail, the discharge tap is closed. The steam 
pressure rises inside and when it reaches the 
desired set level, the safety valve opens and the 
excess steam escapes. From this point, the hold - 
ing pe riodis calculated. When the holding period 
is over, the heater is turned off and the autoclave 
allowed to cool till the pressure gauge indicates 
that the inside is at atmospheric pressure. The 
discharge tap is opened slowly and air allowed to 
enter the autoclave. If the tap is opened when the 
pressure inside is high, liquid media will tend to 
boil violently and spill from their containers and 
sometimes an explosion may occur. If not opened 
till pressure inside has fallen below atmospheric 
pressure, an excessive amount of water will be 
evaporated and lost from the media. 

The defects m this type of autoclave are: 

1 . The method of air discharge is inefficient, and 
it is difficult to decide when the discharge is 



^ 1 / 


STE^n^TIOfrA^DISir^CriON 


,29 


complete. Tf ( air is not completely removed, 
!» , the desired temperature will not be attained. 

> 2. There. is no facility for drying the load after 
sterilisation and before taking it out.' » ; 

The domestic pressure cooker serves as ajnini- 
ature autoclave and maybe used for sterilisation 
of small articles in clinics and similar establish' 
ments. , 

A wide varietyof autoclaves have been manu- 
factured incorporating various devices for over- 
coming these defects and other difficulties in 
working. The details of their construction and the 
methods of their! operation are outside the pur- 
view of this book and readers are referred to the 
exhaustive manuals on the subject. , 

Sterilisation control: For determining the efficacy 
of moist-heat sterilisation, spores of Bacillus 
stearothermophil us are used as the test organism. 
This is a thermophilic organism with an optimum 
growth temperature of 55-60°C and its spores 
require an exposure of 12 m inutes at 121^C to be 
killed. Paper strips impregnated witlTlO^spores 
, are dried at room temperature and placed in 
paper envelopes. These envelopes are inserted in 
different parts of a load and after sterilising, the 
strips are inoculated into a suitable recovering 
medium and incubated for sterility test at'55°C 
for five days. 


Chemical indicators, autoclave tapes and ther- 
mocouples are also used instead. r • 

, > i , , f i - , , . 

Filtration , , ■ 

This is the method used to rid heat labile liquids 
of microorganism s. 17115 is useful for antibiotic 
sol utions , sera^and carb ohyd rate solutions used 
in (th e prep aratio n of culture media. By this 
technique, we can obtai n bacteria-free filtrate s of 
toxins and bacteriophafes.'^T^ijr^thod.iTalso 
useful when we want to separate microorganisms 
which are scanty in fluids and study the m. The 
filter would retain the organisms and the filter 
disc could be cultured. There are different types 
of filters, each type having its own application. 
What are ordinarily referred to as ‘sterilising 
grades’ do not keen back mvcQpl asnuLimd_vir- 
uses^ T husTthe serur^sterilised ’ by Seitz filtra- 
tion is not safe for clinical use . The filtration is 
done under carefully controlled positive or nega- 
tive pressure. 

The various types of filters in use in microbio- 
logy are: 

1. Earthenware candles — Berkefeld, Chamber- 
land, Mandler. < 

2. Asbestos disc filters, e.g. . Seitz . 

3. Sintered glass filters. 

4. Collodion or membrane filters. 


table 3.1 

Times and temperatures for heat sterilisation 
(Recommendations of the Medical Research Council) 



Method Temperature * Holding lime in minutes 


Autoclave 


121 *"“ 

126 

134 


15 

10 

3 


160 

170 

180 

190 ' 


45 

18 

7.5 

1.5 


Hot air oven 
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Candle tvne filters’ q erkefeld filters are made 
from kieselguhr, a fossilised diatomaceous earth 
found in'Germany. They are aVailable in three 
grades of porosity, viz., V (viel) the coarsest, 
W (wenig) the finest, and N (normal) intermediate. 
Of these, V is the usual one ‘employed and it 
should not pass Serratia marcescens, i.e., 0.75 n 
or less. V-grade^T u t e rs a re used" tnainly-for 
‘clarif ying' liquids buTUil^artrTiSrnne eno ugh to 
sterilise liquids by hoiding back~bacteria~ Ahi e ri - 
can Mandler filters are made from kieselguhr. 
asbestos and plaster of paris. These are similar to 
the Berkefeld filters. 

These filters are usually made in the form of 
hollow candles open at one end. A metal nozzle is 
cemented in the open end. The liquid to be fil- 
tered is either poured into the candle or passed 
through the candle from without. 

po rcelain filters: The most common type of 
porcelain filter 7 is the Chamberland, a French fil- 
ter made o f kaolin and sand, and the English, 
Doulton. The Chamberland filters are made in 
various porosities which are graded LI, Lla, L2, 
L3, LS,L7, L9and L 1 1 LI is clarifying and equal 
to Berkefeld V. The others are for sterilising. The 
Doulton filter candle range is P2, P5andPU,the 
latter two being sterilising filters. 

For use. the candle is mounted on a silicone 
rubber bung, and filtration is effected from 
within outwards. 


1. HP/PYR l For removal of pyrogens 

2. HP/EKS : For absolute sterility using con- 

' trolled standard conditions 

3. HR/EK : For clarifying 

Sintered gl ass filters: These are made of finely 
ground glass which is fused to make the particles 
adhere. These are available in different pore sizes 
as per British Standards specification. 

Membrane Stlters: T wo types of these are avail- 
able. The older type, gradocol membranes, 
(graded collodion membrane of Elford) are com- 
posed of cellulose nitrate whereas the m odem. 
—membrane. filters co nsist of cell ulose rVc-etate . 

The gradocol membranes are made from an 
acetone solution of collodion diluted with ethyl 
alcohol ether mixture to which are added varying 
amounts of amyl alcohol. The mixture is poured 
into a shallow cell in a room with constant temp- 
erature (22.5°C) and allowed to evaporate for 
varying periods of 1-3 hours and then washed 
Over an extended period with distilled water. By 
varying the amount and composition of collodion 
mixture and the conditions of evaporation, filters 
of average pore size (APS) ranging from 3 u to 
IQm/x or less have been prepared. These filters 
are sterilised by autoclaving at 12TC for 1 5 
minutes. 

Radiation 


Utters ( Seitz)- This is made from the 
chrysotile type of asbestos. Chemically, this is 
mainly composed of magnesium silicate. The fil- 
ter dis c is supported on a meta l mount and i s 
ins erted rough side up en suring that the meta l 
su pport grid is in po sition. The filter is attached to 
a vacuum flask through a silicone rubber bung ’ 
The side arm of the fla sk is plugged with no n- f 
absorbent cotto n wo ol and the filter unit is wrap- 
ped in Kraft paper and autoclaved.. After use, the 
disc is discarde d. Each ti me a fresh disc is use d 
and the outfit sterilised by autoclavin g. 

^ The asbestos discs are available in different 
grades. The more important ones are: 


Two types of radiation are used for sterilising 
purposes: nonionising and ionising. Infrared and 
uttraviolct rays are of the nonionising low energy 
type while gamma rays and high energy electrons 
are of the high energy ionising type. 

Nonionismg radiation: In nonionising radiation 
electromagnetic rays with wavelengths longer 
than those of visible light are used and these are 
to a large extent absorbed as heat. Hence 
infrared radiation can be considered as a form of 
hot air sterilisation. Infrared radiation is used fo r 
rapid mass sterilisation of syringe s. Ultraviolet 
radiation is used for disinfecting enclosed areas 
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such *as ' entryways; - hospital wards, ’ operation 
rooms and small virus 'inoculation 'rooms and 
virus laboratories. <’ ' - ■- ' ' * n 

• f v. > ’t ■ t i i ■ r « 
Ionising radiation: X-rays, gamma rays and cos- 
mic rays are highly lethal to DNA and other vital 
cell constituents; They have very high penetra- 
tive power. Since there is no appreciable increase 
in temperature, this method is referred to as cofcL 
sterilisation . Large commercial p l ants use gamma 
" radiation for steril ising most plastics, syringe? . 


11 . not be tox ic if absor be d into circula t ion: 1 

12. be cheap and e asily avai lable; and ' s 

13. be safe and e asy to us e. ' * , 

Such an ideal chemical has yet to be found. 

. - The factors that determine the potency of dis- 
infectants are: ‘ V» 1 • ’ 1 

1. concentration of the substance, 

2. time of action, * ‘ ( 

3. pH of the medium, 

4. temperature. M .m* « 

5. nature of the organisms, and 1 


swabs, culture plates, catheters, animal feeds,' 6. presence of extraneous material. 


’ various types of rubber, cardboard, oils, greases, 
fabrics and metal foils. ' . . '< 

High energy electron radiation as a method of 
sterilisation is not widely used in medicine. ’ r 
\l'’ J 1 i ■ 

Ultrasonic and sonic vibration 

Ultrasonic and sonic waves arc credited with bac- 
tericidal powers but the results are variable. Micro- 
organisms vary in their sensitivity to them and 
survivors are found after such treatment. Hence 
this method is of no practical value in sterilisation 
and disinfection. ss 


These substances act in various ways. The m^j n 
modes of action are: 

1. proteincoagulaiion; ■ - > 

2. disrupt ion of cel) memb rane, thus resulting j n 
exposure of the contents of the cell to the 
adverse environment and loss of the .con- 
stituents of and changes in the composition Q f 
the contained cytoplasm : These cause the 
death of the cel); 

iarc 


, essential for the functioning of t he enzytn ^* 
and t hus the life of the cell; and ' — * 

4. su bstrate competitio n. A c ompound rescmh l- 


Chemical agents 


ing the essentia) substrate of the cnzyrfe 


Alcohols 


We have a bewildering number and vaneiy-of 
che mical agents used a s. antisep tics an d disinfe c- 
tants^ Remarkably little is known about the 
mechanism of action of many of these agents. 

An ideal antiseptic or disinfectant should 
1. have a wide spectrum of activity and be effec- the most frequently uscii. They are used rna'mjy 
tive against all microorganisms, viz., bacteria as skin antiseptics and act by denaturing bacteria 


diverts the enzymes or misleads the enzym C s 
necessary for the metabolism of the cell a^j 
causes cell death. h < 

Ethyl alcohol (ethanol) and isopropyl alcohol arc 


including spores, viruses, protozoa and fungi; 

2. be active in the presence of organic matter; 

3. be effective in acid as well as alkaline media; 

4. have speedy action; 

5. have high penetrating power; 

6. be stable; 

7. be compatible with other antiseptics and dis- 
infectants; 

i 8. not corrode metals; 

9. not cause local irritation or sensitisation; 


proteins. They have no action on spores or vi f . 
uses. To be effective, they must bo used at a coii- 
ccmration of 60-70 per cent in water. Protein 
slows its action whereas 1% mineral arid c )r ‘ 
alkali enhances the activity . Isopropyl alcohol 
preferred to cthvl alcohol a s it is a better fat so], 
vent, more bac tericidal and less \ olatile . ItisAway 
for the disinfection of clinical thermometers . , 
Methyl alcohol is effective against fung a | 
spores and is used for treating cabinets 


10. not interfere with healing; incubatprs affected by them. The insides of tY ic 
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chambers are liberally wiped with methanol and a 
pad moistened with it, along with a dish of water 
(to ensure high humidity) kept inside, and the 
incubator is left at working temperature for sev- 
eral hours. One must remember that methyl 
alcohol vapour is toxic and inflammable. 

Aldehydes 

Formaldehyde (HCHO) is active against the 
amino group in the protein molecul e. In agueaus 
solutions, it is markedly bactericidal and sporici- 
dal and also has a lethal effect on viruses. It is 
used to preserve a natomical specimen s, and for 
destroying anth rax s pores in hair and w ool; 
1 0% formalin cont aining hal f per cent sodium 
t etraborate i s used to sterilise cle an metal instru- 
ments. 

Tormaldeh y de gas is used for st erilising instru- 
ments and heat sens iti ve catheter s. It is used for 
fumigating ward s, sic k rooms and laborato ries. 
Under properly controlled conditions, clothing, 
b edding, furnit ure and hooks can be satisfactoril y 
disinfected — " 

The gas is irrita nt and toxic when inhaled . Sur- 
faces which have been disinfected by this agent 
may give an ir ritant vapour f or some time after 
d isinfection , and this can be nu llified by exposure 
to ammonia vapou r when disinfection has been 
co mpleted. 


wound antiseptics. Both are bacteriostatic in high 
dilution but are of low bactericidal activity. The , 
aniline dyes in use are brilliant green, malachite ( 
green and crystal violet. They are more active 
against Gram positive than Gram negative 
organisms. They hav e no activity against tubercle 
bacilli, and hence the use of malachite green in 
Lowenstein-Jensen medium. Though they are 
nonirritant to the tissues and nontoxic, they are 
considerably inhibited by organic materia! such 
as pus. Their lethal effects on _bactcria~are 
believed to be due to their reaction with the add 
_ groups in the cell. These dyes are used in the 
_ microbiology laboratory as selective agents in 
_ culture media. 

The acridine dyes are more active against 
Gram positive than Gram negative organisms but 
not as selective as aniline dyes. They are very lit- 
tle affected by the presence of organic matter. 
The more important byes are proflavine, acri- 
flavine, euflavine and Sminacrine. They show no 
significant differences in potency. If impregnated 
in gauze they are slowly released in a moist envi- 
ronment, and hence their advantage and use in 
clinical medicine. They impair the DNA com- 
plexes of the organisms and thus kill or destroy 
the reproductive capacity of the cell. ' 

Halogens 


Glutaraldehyde (CHO-fCH^-CHO): This has 
an action similar to formaldehyde. It is specially 
effective against tubercle bacilli, fungi and vir- 
uses. Itisjessjoxicandjrritantto t he eyes and 
skin than fo rmaldehyde. This has no deletenous 
^effect on the cementor lenses of instruments such 
as c ystoscopes and bronchoscopes. It can be 
safely used to tre at corrugated rub ber anaesthetic 
tubes a nd face mas ks, plast ic endotrac heal t ubes, 
metal instruments and polythene tubing. 


Dyes _ _ ^ m . 

Two groups of dyes, a) the aniline dyes, and 
,b) the acridines are used extensively as skin and 


Iodine in aqueous and alcoholic solutions has 
been used as a skin disinfectant. It is an active bac- 
tericidal agent with a moderate activity against 
spores. It is active against the tubercle bacillus 
and a number of viruses. Compounds of iodine 
with nonionic we t ting or surface active agent s 
known a s iodophore s, are claimed to be more 
active than the aqueous or alcoholic solutions of 
iodine. 

Chlorine_a nd its compounds have been used as 
disinfectants for many years. Water supplies^ 
swimming-baths, food and dairy industries are 
some of the areas of their use. Chlorine is used 
-most commonly as hypochlorites. Chlorirte and 
hypochlorites are marked!y_hactericidal.’ They 
have a wide spectrum of activity against viruses. 
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The organic chloramines are use d as antiseptics 
for dressing wounds. 

Phenols 

These are obtained by distillation of coal tar bet- 
ween temperatures of 170°C and 270“C. Lister, 
the father of antiseptic surgery, first introduced 
their use in surgery (1865). Since then a wide 
range of phenolic compounds have been 
developed as disinfectants. The lethal effect of 
phenols is due tqtheir capacity to cause ce ll mem- 
brane damage, thus rele asin g cell con t ents and 
c ausing Iv sTs. Low concentrations of phenol pre- 
cipitate proteins, and membrane-bound oxidases 
and dehydrogenases are irreversibly inactivated 
by concentrations of phenol that are rapidly bac- 
tericidal for the organism. ' - 
Phenol (carbolic acid) is a powerful microbici-*! 
dal substance. This and other phenolic disinfec- 
tants derived from - coal tar are widely used as dis- 
infectants for various purposes in hospitals. Lysol 
and cresols'are active against a wide range of 
organisms. They are not readily inactivated by 
the presence of organic matter and are thus good 
general disinfectants. These are markedly toxic 
to man. Various proprietary preparations or for- 
mulations of phenol are in wide use. The related 
chlorophenols and chloroxyphenols, though less 
toxic and irritant, are less active and more readily 
inactivated by organic matter. Both these groups 
of substances’ are relatively inactive against 
Pseudomonas. Various combinations of this are 
used in the control of pyogenic cocci in surgical 
and neonatal units in hospitals. Hexachlorophene 
is potentially toxic and should be Used with care. 
Chlorhexidine'(Hibitane) is a relatively nontoxic 
skin antiseptic most active against Gram positive 
organisms and (airly effective against Gram nega- 
tive ones. 'Aqueous solutions are used in the 
treatment of wounds, 1 * " ’ ■ 1 ■ ■ 


: / 


Gases 


Ethylene oxide: This is a colourless liquid with a 
boiling point of 10.7°C, and at normal tempera : jh e sterilisationof biologtcal pToducts . It iVcapa- 


ture and pressure is a very penetrating gas with a 
sweet etherealsmell.lt is highly inflammable and 
in concentrations in air greater than three percent, 
highly explosive. By. jmxing it with inert gases 
s urh as cnrhnn dioxide or nitrogen , so that its 
concentration is only TO per cent, its explosive 
tendency is eliminated. 

Its action is due to its power of alkylating the 
amino, ca r boxyl, hydroxyl and sulphydryl grou ps 
in the protein molecule. In addition, it reacts with 
DN A and RNa. its use a s a disinfectao tpiEsents- 
some potential hazard of tox icity to man including 
mutagenicity and carcinngenirity . _It is. effective 
against all types-of microo reanismsincludingvir- 
usesandspores. 

It diffuses through manyTypes of porous mate- 
rials and readily penetrates some plastics- It is 
daily used for sterilisin g heart-lung machines. - 
Respirators, sut ur es, dental equi p ment, books 
an(L_clothing. It is u nsuitable ~for fumig ating, 
rooms because of its explosive property. It has 
been successfully used t o.sterilisc-a wide-range- of_ 
m aterial^such-as _gl ass, metaland pape r surfaces, 
clothing^, plastics. 1 soit- some foodstuffs and 
tobacco. It is an irritant, and personnel working 
with it have to take strict precautions. 

Formaldehyde gas: Thf^T widely employed Joe 
fumigation of operation jheatres^an d— other 
rooms. After sealing windows and other outlets, 
formaldehyde gas is - generated- by_ adding- 
150 grams KMnC >4 to 280 ml formalin for every 
1000 cu.ft (28.3 cu. hietre) of room yolume^The 
reaction produces considerable heat, and so heat 
resistant vessels should be used. After starting 
generation of formaldehyde vapour, the doors 
should be sealed and left unopened for 48 h,ours. 

Betaproplolacione (BPL): This a condensation 
product of ketane and formaldehyde with a boil- 
ing point of 163°C. Though as a gas it has a low 
penetrating power, it is said to be m ore-efficient 
for fu mi gating-purposes than formal dehyde, ft 
has a r apfinfiocidal a ction but unfo rtunately has 
carcinogeni c_activ»tv. 0.2 percent BPL is used for 
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bid of killing all microorganisms and is very active dal action depending on their Concentration, 
Against viruses. 1 .i* { 1 *> i salts of heavy metals have a-greater nctiom 

* ii * ti< i '■ The salts of silver. Conner and mercury are 

Surface active agents i, used as disinfectants ^. They are proicm 

i . • i i •!«,! i . c oagulants and have the capacity to co mbine 

Substances which a lter energy relationshjpm - with f ree sulphydryl group s of cell enzy mes, 
interf aces, producing a reduction of surface oc. when' used at appropriate concentrations. 
intcrfacial tension arc referred to as surface N Mercuric chloride is used in medicine but is 
active agents. They are widely used as wetting highly toxic. The organic compounds, thin* 
agents, detergents and emulsifie rs. They areclas* mcrsal, phenyl mercury nitrate and mcrcuro* 

si tied into four main groups. vi 2 .'. anionic , chrome arc less toxic and arc used as mild 

cationic, nonionic and amphoteri c: The ayjst antiseptics and have a marked bacteriostatic, 
important nniihactenal agents arc the cationic limited fungicidal and a wbak bactericidal 
surf ace'activc agen ts. These act on the phosphate activity. Silver salts in aqueous solution have 

groups of the cell membrane and also enter the a limited use. Copper salts arc used as fun* 

cell. The membrane loses its seTnipcrmcnftitnv ;.gicides. i 

and the ce ll proteins are denatured . I he cationic 
compounds in the form of quaternary ammonium TcsllngofdWnfcctants 
c ompound s are markedly bactericidal, being 

active a gainst Gram positive o rganisms and to a » There is no single test available to determine the 
less extent on Gram negative ones. They have no efficiency of a disinfectant. This is due to the 
action o n spore s, tube rcle bacil li and most vir*. number of parameters which have to be taken 
u ses. The common compounds arc cetyl into account in determining the quality of the dis* 
tn mcthyl ammonium bromid e (Cctavlon or cet- in feet am. In the Ridcal Walker test, similar 
mimic) and benzalkomum chloride. Tbcse_com-. quantities of organisms arc submitted to the 
pounds are most active at alkaline pH. Acid inac- action of varying concentrations of phenol and of 
tivates them Organic matter reduces their acti- the germicide to be tested. The dilution of the dis- 
vity and anionic surface active agents, like ordi* infect am in question which sterilises the suspen- 
nary soaps, render them inactive. The anionic sion in a given time is divided by the dilution of 
compounds, e.g., common soap, have a moder- phenol which sterilises the suspension at the 
ate activity. Soaps prepared from saturated fatty same time and the phenol coefficient is 
acids (e.g., coconut oil) are more effective against obtained (Phenol = l). This test has many 
Gram negative bacilli while those prepared from limitations as the conditions under which the 
unsaturated fatty acids (e.g.. oleic acid) have gre- lest is done have no relation to the conditions 
ter activity against Cram positive and Neisseria under which the disin/eeiant in question has 
group of organisms. The amphoteric or ampholy- to act. In the Chick Martin test, unlike in the 
tic compounds, known as ‘ Tego* c ompounds, are^ former where the disinfectant acts in pure solu* 
active against a wide range of Gram positive and tion, the disinfectant is tested in water contain- 
Gram negative organisms and some viruses, ing a suspension of 3% dried human faeces. 
These, however, are not in general use. , Even this modification falls far short in 

simulating the conditions in which disinfec* 
Metallic salts ,, , , tants are called upon to act. Various other 

t , modifications are in use, but no test is com* 

' n, '' , ighallsaltshaveacertainamountofgermici- prehensive enough. 
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4 Culture Media 


It is essential to grow the organisms from infected 
material to identify the cause of infection Only 
after growing them and isolating them in pure 
culture, is it usually possible to identify them. For 
studying their characteristics as well, it is neces- 
sary to 1 culture them. It is not always possible to 
identify organisms by morphology alone. 

The majority of bacteria to be studied are 
pathogenic. Hence to obtain suitable growth of 
the bacteria, the culture media should approxi- 
mate to the composition and reaction of the tis- 
sues and body fluids in which these bacteria grow. 
No single medium can satisfy all the require- 
ments. A medium could be perfect only for a 
limited range. The food requirements of bacteria 
vary with their natural environments and the par- 
ticular role they play in nature. They derive their 
energy by oxidation and by decomposition of 
food material such as proteins and carbohyd- 
rates. At the same time simple organic substances 
like ammoacids are utilised in the synthetic 
metabolism of these organisms. 

Bacteria vary considerably in their nutritional 
requirements, and over seven thousand culture 
media have been devised. The basic require- 
ments of culture media are: I) energy source, 

2) carbon source, (For the great majority of the 
organisms the same material serves both these 
purposes There is, however, great variation as to 
the source from which carbon can be utilised.) 

3) nitrogen source, 4) salts such as sulphates, 
phosphates, chlorides, carbonates of K, Na, Mg, 
Fe and Ca and trace elements such as Mn, Mo, 
Cu, 5) a satisfactory pH, usually 7.2-7.6, 

' adequate oxidation-reduction potential (Eh), 


7) growth factors, e.g., Tryptophan for S. typhi. 
Glutathione for gonococci, X and V factors for 
Haemophilus. 

The characteristics of an ideal culture medium 
arc that it 

1. must give a satisfactory growth from a small 
inoculum and ideally from a sjngle cell; 

2. should give a rapid growth 

3. should be easy to prepare* — — 

4. should be reasonably cheapv^O^ 

5. should be easily reproducible S S' 

6. should make it possible for all the characteris- 
tics in which wc are interested to be 
demonstrated. 

It was Louis Pasteur who first introduced the 
use of complex media. Urine, chicken broth and 
meat broth were in use. All were liquid media 
and though growth could be obtained, growth 
characteristics and purity of cultures could not be 
made out. Robert Koch introduced solid media. 

He used cut potato. Then he used gelatin to get 
solid media. Since gelatin melts at24°Cand often 
gets liquefied by the growing organisms it was 
found unsatisfactory. On the suggestion of Frau 
Hesse, he introduced agar agar as a base for pre- 
paring solid media. Agar_is prepare d from var- l 
ieties of seaweed . Thecffief constituenfis'a3^g^ V 
chain polysaccharide^ It also contains varying 
amounts of inorganic salts and protcin-like mate- 
rials. Agar gets hydrolysed at a high temperature 
at acid or alkaline pH. It melts at 98°C and usually 
sets at 42 6 C depending on agar concentration. At 
lower concentrations, e.g., sloppy agar, it sets 
only at 35 e C. New Zealand agar has twice the jel- 
lifying capacity of Japanese agar. Agar is manu- 


factured either in long shreds or in powder form. 
It varies in its fcomposition from batch to'batch 
and also depending on its source.- - • 

Another almost universal Ingredient Of com- 
mon media isj>epiaii£,’ It is a complex mixture of 
partially dig ested j moteins- Its' constituents' are 
proteoses, polypeptides and aminoacids, a vari- 
ety of inorganic - salts* including pho sphate s, 
potaisium ancTmagnesium and certain acces sory 
growth factors _$uch fa riboflavin. Different 
brands'of peptone show appreciable differences 
in composition and growth-promoting ’proper- 
ties. There may be variations between different 
batches of the same brand . Special brands of pep- 
tone such as Neopeptone, proteose peptone are 
available for special uses. Commercially availa- 
ble peptones or digest broth can be used. ‘Meat 
extract' is also available commercially and is 
known as Lab-Lemco. Blood, serum and yeast 
extract are other common ingredients! 

Tj pes of media __ , M 

Media have been classified in many ways: 

1. Solid media, liquid media, semi-solid media. „ 

2. Simple' media, complex media, synthetic' or 
defined media, semi-deGned media.' special 
media. Special media are further divisible 
into: 

1) enriched piedia, 2) enrichment media, 
3) selective media, 4) indicatcToTdifferemial 
media, 5) "sugar media, and 6) transport 
media. ' * ' t 

3. ‘ Aerobic media, anaerobic media. 

' I . w • 'J 

Simple media (Basal media): An example is nut- 
rient broth. It consists of peptone, meat ext rag , 
sodium chloride and water. Nutrient agar, made 
by adding 2% agar to nutrient broth is the 
simplest and commonest medium in routirie'diag- 
riostic laboratories. If the concentration of agar is 
reduced to 0.2-0.5 per cent,’ semisolid 'or sloppy 
agar is obtained which enables motile organisms 
to spread. Increasing the concentration of agar to 
6% prevents spreading or swarming by organisms 
such as Proteus. 


Complex media: These have added ingredients 
for special purposes or'fbr"bringing out certain 
characteristics or providing special ' nutrients 
required for the growth of the bacterium in ques- 
tion. One may say that all media other than the 
simple are comple x. AU special media can come 
under this heading. J 1 ' 

Synthetic Predefin ed med ia: These media are pre- 
pared s olely from pure chemical su b stances an d 
the ie xact composit ion of t he medium is knovyn. 
These are used for various spe cial studie s such as 
metabolic require ments. Si mple peptone wa ter 
m edium, 1% peptone with 0.5% Nad in water, 
may be considered as a semi-defined medium 
since its composition is approximately known. 

Enriched media: In these media, substances such 
as b lood, serum , e gg are added to a basal 
medium. These media are used to grow bacteria 
which are more exacting in their nutritional 
needs. Examples are blood agar, chocolate agar, 
and egg media. 

Enrichment media: In mixed cultures or in mate- 
rials containing more than one bacterium, the 
bacterium to be isolated is often 'overgrown by 
the unwanted bacteria. Usually the no n - 
pathogemc or commensal bacteria tend to over- 
grow the oathoe e nic ones, e.g .. S. typhi-being 
over grown b y E. coli in cultu res from taeces . Tn 
sactfsitaatioas substances arc incorporated tn the 
medium which have a stimulating effect on f the 
bacteria to be grown o r a n inhibitory effect Ym 
t hose to be suppress ed. If such substances -are 
added to a l iquid medium, the result is an abso- 
lute in crease in the number s of the wanted bac- 
terium relati ve t ojhe ojhgr bacteria., Such media 
are called enrichment media, e.g., tetrathionate 
broth w here the t etrathionate inhibits rolifnrr n s 
white allow ing tvpbnl/t^Mrafvphnid Kni-j]|j tQ 

gro w freely . So also is Selenite F b roth. 

Selective media: If in the above case the inhibiting 
substance is added to a solid medium, it enables a 
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greater number of the required bacterium to 2, Disaccharides, e.g.. Saccharose, Lactose' 1 '■> 
form colonies than the other bacteria, e:g., 3. Polysaccharides, e.g.. Starch, Inulin > i* - * 
desoxvcholate ri t rate medium for dysentery 4. Trisaccharides, e.g., Raffinose »' ' < . 

bacilli. Such solid medi a are known as selectiv e 5. Alcohols, e.g., Glycerol, Sorbitol ) >• ' 

media \ 6, GIucosides,e.g.,SaIicin, Aesculin 

7. Noncarbohydrate substance, e.g., InositoL 
Indicator media : These media contain an indi- , 

cator which changes colour when a bacte- The usual sugar, media ( consist of I % of the 
rium grows in them, e.g., incorporation of sul- sugar concerned in peptone water along with an 
phlte in Wilson and Blair medium . S. tvphi appropriate indicator. A small tube (Durham’s 


re duces sulphite to su lphide in the presence of 
gl ucose and the colonies of S, typhi have a 
black metallic sheen. Potassium tellurite in 
McLeod’s medium gets reduced to metallic tel- 
lurium by diphtheria bacillus to produce black 
colonies. 

Differentia! media • A medium which has sub- 
stances incorporated in it enabling it to bring out 
differing characteristics of bacteria and thus help- 
ing to distinguish between them is called 'diffe- 
rential medium’, e.g., MacConkey’s medium 
which consists of peptone, lactose, agar, neutral 
red and taurocholate shows up lactose fermenters 
as pink colonies while nonlactose fermenters are 
colourless or pale. This may also be termed as 
indicator medium 

Some of these terms for media are inter- 
changeable. For example, the blood agar 
medium is an enriched medium but bacteria 
lysing red cells give clearing around their col- 
onies. Thus, it is an indicator meditfm as well. 
There are many special media for demonstrating 
particular characteristics, like Nagler’s medium 
which enables lecithinase activity to be brought 
out. 

Sugar media ■ The term sugar in microbiology 
denotes any fermentable substance, They may 
be: 

1. Monosaccharides — (a) Pentoses, e.g., Ara- 
binose, Xylose, (b) Hexoses, e.g.. Dextrose, 
Mannose 


tube) Is kept inverted in the sugar tube to detect 
gas production . For organisms which are exacting 
in their growth requirements (e.g., pneumo- 
cocci) Hiss’ serum sugars are used. They contain 
3% serum. 

Transport media: In the case of delicate 
organisms (e.g., gonococci) which may not sur- 
vive the time taken for transporting the specimen 
to the laboratory or may be overgrown by non- 
pathogens (e.g , dysentary or cholera orga- 
nisms), special media are devised and these are 
termed transport media, e.g. . Stuart’s medium — 
a non-nutrient soft agar gel containing a retra c- 
i ng agent to prevent oxidat io n, and chart-paH o 
n eutralise certa in bacterial in hi bitors — for 
g onococci ; buffered glycerol saline for enteric 
bacilli. 

Anaerobic media • These media are used to grow 
anaerobic organisms, e.g., Robertson’s cooked 
meat medium. 

Various media to test special properties like 
urease production, and rpiscellaneous tests for 
special properties have been devised. They arc 
dealt with in the appropriate chapters. 

For identifying prepared media, a colour code 
is adopted. This depends on the laboratory or 
group of laboratories, One colour or a mixture of 
colours is used on the cotton stopper, or colour 
paints are used on the screw caps. Different col- 
ours or colour combinations are used for diffe- 
rent media. , i, , • | i , 
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Culture methods employed depend on the pur- 
pose for which they are intended. In the clinical 
laboratory, the indications for culture are mainly 
to 

. 1 isolate bacteria in pure culture 

2. demonstrate their properties, 

3. obtain sufficient growth for preparation of 
antigens and for other tests, 

4. type isolates by methods such as bacterio- 
phage and bacteriocin susceptibility. 

5. determine sensitivity to antibiotics, 

6. estimate viable counts, and 

7. maintain stock cultures 

The methods of culture used ordinarily in the 
laboratory are the streak, lawn, stroke, stab, 
pour plate and liquid cultures. Special methods 
are employed for culturing anaerobic bacteria. 
For estima ting, the bacteria in d ust on clothing , 
the sweep plate method isused._ _ 

the streak ciiUiire (surface plating) is the 
method 'routinely employed for the isolation of 
bacteria in pure culture from clinical specimens 
A platinum loop is charged with the specimen to 
be cultured Owing to the high cost of platinum, 
loops for routine work are made of Nichr ome 
resistanc e wire (74 £ W.fi. size ). One loopful of 
the specimen is transferred onto the surface of a 
well dried plate, on which it is spread over a small 
area at the periphery. The inoculum is then distri- 
buted thinly over the plate by streaking it with the 
loop in a senes of parallel lines, in different seg- 
ments of the plate. The loop should be flamed 
and cooled between the different sets of streaks. 
On incubation, growth may be confluent at the 
site of original inoculation , but becomes progres- 


sively thinner, and well separated colonies arc 
obtained over (he final scries of streaks. 

The lawn or carpet culture provides a uniform 
surface growth of the bacterium and is useful for 
bacjj?rioph_age_jyping_nnd_antibiotic sensitivity 
testing (disc method). It may also be employed 
when a large amount of growth is required in 
solid media as, for instance, i n the prep aration of_ 
(zacteriaLantigens.and vaccines. Lawn cultures 
are prepared by flooding the surface of the plate 
with a liquid culture or suspension of the bac- 
terium, pipetting off the excess inoculum and 
incubating the plate. Alternatively, the surface of 
the plate may be inoculated by applying a swab 
soaked in the bacterial culture or suspension. 

The stroke culture is made in tubes containing 
agarslopc (slant)and is employed forprovidinga 
pure growth of the bacterium for slide agglutina- 
tion and other diagnostic tests. 

Stab cultures are prepared by puncturing with a 
long, straight charged wire, a suitable medium 
such as nutrient gelatin or glucose agar. The 
medium is allowed to set, with the tube in the 
upright position, providing a flat surface at the 
top of the medium. Stab cultures are employed 
mainly for demonstration of gelatin liquefaction 
and oxygen requirement of the bacterium under 
study. They are also used in the maintenance of 
stocLcultures. . 

For preparing pour plate culture , tubes con- 
taining 15 ml of the agar medium are melted and 
left to cool in a water bath at 45-50°C. Appro- 
priate dilutions of the inoculum are added in 1 ml 
volume, to the molten agar, mixed well and the 
contents of the tube poured into a sterile Pci- 
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ri dish and allowed to set. After incubation, col- 
onics will be seen well distributed throughout the 
depth of the , medium and can be enumerated 
using colony counters. The pour plate method 
gives an estimatcof thc^iaWe bacterial count in a 
suspension "and is the recommended method for 
quantitative urine cultures. 

In the 'sweep plate method, the edges of the 
Petri dishes containing the culture medium arc 
rubbed over the fabric with the medium facing it. 
The dust particles stirred up from the cloth get 
settled on the, culture medium, and colonics 
develop on incubation. They can be counted and 
estimates made. 

Liquid cultures in tubes, bottles or flasks may 
be inoculated by touching with a charged loop ot 
by adding the inoculum with'pipcttcs or syringes. 
Large inocula can be employed in liquid cultures 
and hence this is the method adopted for blood 
culture and for sterility tests, where the concent- 
ration of bacteria in the inocula arc expected to 
be small.- Liquid cultures are preferable for 
inocula containing antibiotics and other 
antibacterial substances, as these arc rendered 
ineffective by dilution in the medium. Liquid cul- 
tures arc also preferred when large yields are 
desired, the yield being enhanced by agitation, 
aeration, addition of nutrients and removal of 
toxic metabolites (continuous culture methods). 
The major disadvantage of liquid culture is that it 
docs not provide a ipurc culture, from mixed 
inocula. 


Anaerobic culture methods 


#■ 


Anaerobic bacteria differ in their requirement of 
and sensitivity to oxygen. Some, such as CL his - 
tolyticum, are aerotolerant and rryiy produce 
some growth on the -surface of aerobic plates, 
while others, such ; as letani, i are > strict 
anaerobes and form surface growth only if the 
oxygen tension is less than 2 mm Hg. A number 
of methods have been described for achieving 
anaerobiosis, the 'principles: being exclusion of 
oxygen or production of a vacuum, displacement 
of oxygen with other gases, absorption of oxygen 


by chemical or biological means, and reduction of 
oxygen. 1 

T. Cultivation in vacuum was attempted by 
incubating cultures in a vacuum desiccator, but 
the method is unsatisfactory as some oxygen 
always remains behind. Fluid cultures may boil 
over and the media may get detached from the 
plates in the vacuum produced. This method is 
not in use now. 

2. Displacement of oxygen with gases such as 

hydrogen, nitrogen, helium or carbon dioxide is 
sometimes employed, but anaerobiosis is seldom 
complete by this method alone. A popular, but 
ineffective, method is the candle jar. Here inocu- 
lated plates are placed inside a large air-tight con- 
tainer and a lighted candle kept in it before the lid 
is sealed. The burning candle is expected to use 
up all the oxygen inside before it is extinguished, 
but some oxygen is always left behind. The 
candle jar provides a concentration of carbon 
dioxide which stimulates the growth of most bac- 
teria. i > 

3. In the chemical or biological method, alkaline 

pyr ogallol absorbs oxygen . This method, first ^ 
Introduced by Buchner (1888), has been 
employed with different modifications for pro- 
viding anaerobiosis. Pyrogallic acid added to a 
solution of sodium hydroxide in a large test tube 
placed inside an air-tight jar provides anaero- 
biosis, but a small amount of carbon monoxide, 
which is formed during the reaction, may be 
inhibitory to some bacteria. / 

The method has been applied to single tube 
and plate cultures. The Spray anaerobic dish is a 
glass dish with its bottom partitioned into two 
halves, and the top accommodating one half of a 
Petri dish carrying the medium. Pyrogallic acid 
and sodium hydroxide are placed in the separate 
halves at the bottom of the dish. The inoculated 
culture plate is in verted on the top of the dish and 
sealed air-.tight with plasticine. The dish is then 
rocked to mix the reagents, producing anaero- 
biosis. The anaerobic dish is not in use now. . j , < 

A simple modification consists of a Petri dish, 
between the two halves of which is inserted a 
metal disc of slightly larger diameter, with a hole 
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in thc’centrc'.'The'Inctal disc is attached to-thc 
bottom half of the Petri dish with plasticine. 
Through the centra! hole arc added a few pellets 
of sodium hydroxide and 10 ml of a 10% solution 
of pyrogalhcacid. The inoculated half of the Petri 
dish is then inverted on the metal disc and scaled 
air-tight, 

The method in common use employs a disc of 
filter paper having the same diameter as a Petri 
dish, ft is placed on top of orie half of the dish and 
a mixture of pyrogallol and sodium carbonate, in 
dry powder form, is spread 6n it. The inoculated 
plate is inverted over the filter paper and sealed 
tight with molten wax. The dry pyrogallol mix- 
ture is activated by the moisture within the closed 
system, and complete anacrobiosis develops 
within about two hours. 



Instead of alkaline pyrogallol. anacrobiosis has 5 j Mclnimh-nidct’ Jar 

been produced within jars with a mixture of ** 

chromium and sulphuric acid (Rosenthal palladmtscd asbestos is healed. This acts as a 
method) or with yellow phosphorous. catalyst for the c ombination of hydrogen with the 

Absorption of oxygen from small closed sys- residual oxvgcn present in the jar . This method 
terns has been attempted by incubation along ensures complete anacrobiosis. but carries the 
with aerobic bacteria, germinating seeds or chop- risk of explosion, which may rarely occur. This 
ped vegetables. Anaerobiosis produced by such risk can be eliminated by modification of the 
biological methods is slow and ineffective. catalyst. Alumina pellets coated with palladium 

The most reliable and widely used anaerobic and contained in a gauze sachet suspended from 
method is the McIntosh and Fildcs’ anaerobic jar the lid of the jar act as a catalyst at room tempera- 
(Fig. 5.1-)- It consists of a stout glass or metal jac lure, as long as the sachet is maintained dry. 
with a metal l id which can be clamped air-tieht The ’Gaspak' is now ihe method of choice for 
with a scre w. The lid has t wo tubes with tap s, one preparing anaerobic jars. The ‘Gaspak* is com- 
a ctmg as the gas in let and the othe r as the outlet, mercially available ns a disposable envelope, con- 
The lid also has two t ermina ls which can be con- mining chemicals which generate hjdrogcn and 
nected to an electrical sup ply. Leading from th e carbon dioxide on the -addition of. water. After 
terminals a nd suspended b y stout wires on the the inoculated plates are kept in the jar, the ‘Gas- 
u nderside of the hd is a small grooved porcelain p.ik’ envelope, with water added, is placc'd inside 
sp ool around which is wr apped a la yer of pal - and the lid screwed tight. Hydrogen and carbon 
lad mise d asbest os. dioxide arc liberated and the presence of a cold 

Inoculated culture plates are placed inside the catalyst in the envelope permits the combination 
jar, with the medium in the bottom half of the of hydrogen and oxygen to produce an anaerobic 
pfates, and the l id clamped tighTThe outlet tube environment. The “GaSpak* is simple and effec- 
ts connected to a vacuum pump andthc airinside tive, eliminating the need for drawing a vacuum 


is evacuated. The outlet tap is then closed and the and adding hydrogen. 


inlet tube connected to a hydrogen supply. After An indicator should be employed for verifying 
■vjhe jar is filled with hydrogen, the electric termi- the anaerobic condition in the'jarsj Reduced 
^ nafs are connected to a current supply so that t he met hylene blue is generally used for this purpose. 
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It remains colourless: anaerobically, but turns 
blue on exposure to oxygen. ' • *[ i t , 

* ‘4., i Reduction -of oXygen blithe medium is 
achieved by the use of various reducing agents, 
including J % glucose, 0.1 % thioglycollate.O.l % 
ascorbic acid and 0.05.% cysteine. An easily pre- 
pared anaerobic medium is broth into which is 
introduced pieces of red hot metallic iron, the 
broth being then layered over with sterile vase- 
line. Broth containing fresh animal tissue, such as 
rabbit kidney, spleen, testes or heart (Smith- 
Noguchi medium) supports the growth of many 
anaerobes. $> 

^Robertson's cooked meat medium is probably 
the mos t widely used fluid medium for the cult ure 
of anaerob es. It consists" of fat-free minced-^ 
co oked meat in bro th, with a layer ot sterile vas - 
el ine over it. It p ermits the growth of even stric t 
anaerobes and indicates the ir saccharolytic or - 
p roteolytic" act ivities, by the meat being turned 
red or black, respective ly. 

For fastidious anaerobes, particularly for 
quantitative cultures, pre-reduced media and 
anaerobic chamber (‘glove box’) may be used. 
The anaerobic chamber is an airtight, glass- 
fronted cabinet filled with inert gas, with an entry 
lock for the introduction and removal of mate- 
rials, and gloves for the insertion of hands for 
working. 

Methods of isolating pure cultures 

The following methods may be employed for 
isolating pure cultures of bacteria from mixtures: 

1 . Surface plating is the method routinely em- 
ployed in clinical bacteriology and enables the 
isolation of distinct colonies which maybe picked 
out, if necessary, for further purification and 
study. 

2. Enrichment, selective and indicator media 
are widely used for the isolation of pathogens 
from specimens such as faeces, with varied flora. 

3. Pure cultures may be obtained by pre-treat- 
ment of specimens with appropriate bactericidal 
substances which destroy the unwanted bacteria. 
This method is the standard practice for isolation 


of tubercle bacilli from sputum and other clinical 
.specimens, by treatment with alkali, acid or other 
substances to which most commensals are suscep- 
tible but tubercle bacilli are resistant. , , , , 

•jiu 4,i Obligate aerobes, and anaerobes may be 
separated by cultivation under aerobic or anae- 
robic conditions. Shake cultures in Veillon tubes 
were in use formerly but are now obsolete. This 
consists of a glass tube open at both ends. One 
end is closed with a rubber stopper and molten 
glucose agar in which the inoculum is evenly dis- 
persed is poured into the tube and allowed to set 
in a vertical position. The top of the tube is closed 
with a cotton plug. On incubation, the bacteria in 
the inoculum differentiate depending on their 
oxygen requirement. The obligate aerobes grow 
at the top and the ariaerobes at the bottom, while 
the facultative bacteria grow throughout the 
- column. The entire medium can be extruded on 
to a plate and the different colonies fished out. 

5. Separation of bacteria with different temp- 
erature optima can be effected by incubation at 
different temperatures. Only thermophilic bacte- 
ria grow at 60°C. A mixture containing Neisseria 
meningitidis and N. catarrhalis can be purified by 
incubation at 22°C when only the latter grows. 

6. By heating at 80°C a mixture containing 
vegetative and spore-forming bacteria, the for- 
mer can be eliminated. This method is useful for 
the isolation of tetanus bacilli from dust and simi- 
lar sources. 

7. Separation between motile and nonmotiJe 
bacteria can be effected using the Craigie’s tube. 
This consists of a tube of semi-solid agar, with a 
narrow tube open at both ends placed in the 
centre of the medium in such a way that it pro- 
jects above the level of the medium. The mixture 
is inoculated into the central tube. On incuba- 
tion, the motile bacteria alone traverse the agar 
and appear on the top of the medium outside the 
central tube. A U-tube also serves the same pur- 
pose, inoculation being performed into one limb 
and the subculture taken from the other. This 
method can also be used to obtain phase variants 
in Salmonella species. 

8. Pathogenic bacteria may be isolated from 
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fixtures by inoculation' into appropriate ani- 
mats. ‘Anthrax b.acilli can b^ ‘distinguished 1 from 
other aerobic sporulatihg bacilli by’ inoculation 
into mice or guinea pigs. Anthrax bacilli produce 
a fatal septicaemia 'and may be cultured pure 
from the heart bldod. 1 1 ’’ r •" '' J ' ** 

’ ‘ 9 . Bacteria of differing sizes, 1 may be sepa- 


rated by the use ’of selective filters. Filters are 
widely used for separating viruses from bacteria.! 

10. Single-cell method using micrphianipula- 
tors/by which a single bacterium 'can be. sepa- 
rated and cultured, are too, complicated for 
routine use /but may find application in Special 
situations.' " 'b i i' i b.i/j 

‘ • < fl Uit » ' I f> ij'ib >11 It 
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6 Identification of Bacteria 
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Once a bacterium has been obtained in pure cul : 
ture, it has to be identified. This may be easy but 
is often difficult and sometimes may take quite a 
few days. The following characteristics have to be 
studied in the process. » r , . .t . .» i,i 

Morphology 1 .• !) , 

The morphology of the organism depends on a 
number of factors such as the .strain studied, 
nature. of the culture medium, temperature and 
time of incubation, age of the culture, and the 
number of subcultres it has undergone. The 
characteristics' noted are shape,' 'size. 1 'arrange- 
ment, motility, flagella, spores arid capsules. All 
these cannot be made out in a single medium. 
The shape may be,spherical, rod-like, filament- 
ous, comma-like or spiral. The , axis of the 
organism may be straight or curved. The length 
-and breadth may vary. The sides of the organism 
may be parallel; convex, concave, or irregular. 
The ends may be cut straight, rounded or, taper- 
ing. sC/mside/aMf ^variations in shape and size 
leading to club-like forms, navicular forms, and 
swollen or shadow or giant forms may be seen. 
They may be arranged singly, in pairs, in tetrads 
or in packets of eight or in chains, short or long, 
in the case of cocci; bacilli may be arranged 
irregularly, in short or long chains, in Chinese let- 
ter patterns, palisade-like or in bundles; vibrios 
may be single or in S or spiral forms. They may be 
nonmotile, sluggishly motile, actively motile or 
exhibit darting motility. They may be without 
flagella, i.e.^ atrichate, or monotrichate, lopho- 
trichate, amphitrichate or peritrichate. The 
spores, when present, may be oval or spherical or 


ellipsoidal and may be of the same width or wider 
than that of the bacillus. ,The spores may be 
equatorial, subterminal or terminal. Capsules 
may or may not be present. Hanging drop prep- 
arations, dark ground illumination, phase con- 
trast or electron microscopy, all help m those 
studies. „ t ,j 

Staining reactions . , 

The age of the culture is important, In older cul- 
tures, staining characteristics either vary or are 
not brought out well. Simplestainsbringout the 
morphology best. Differential and special stains 
are necessary to bring out characteristics like 
flagella, capsules, spores .and metachromatic 
granules. The Gram stain divides bacteria into 
Gram positive and Gram negative; the Zichl- 
Neelsen stain into acid fast and nonacid fast 
Fluorescent antibody technique enables one to 
identify them. 

The study of morphology and staining chnrac- 
terisiks heips in preliminary identification^ 

Cultural characteristics' ’ ' 

These provide additional information for the 
identification of the bacteriutn. The characters 
revealed in different types of media are noted 
While studying colonies on solid media, 

1. their shape — whether circular, irregular, 
radiate or rhizoid, 

2. size in millimeters, 

3. their elevation — whether effuse, elevated, 
low convex, concave, umbonatc or umbili- 
cate. 
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4 . their margins — bevelled or otherwise , 

5. their surface — smooth, wavy, rough, granu- 
lar, papillate or glistening, 

6. their edges — entire, undulate, crenated, 
fimbriate or curled, 

7. theircolour, 

8. their structure — whether opaque, translu- 
cent or transparent, 

9. their consistency — whether membranous, 
friable , butyrous or viscid, 

10. their cmulsifiability, and 

11. whether they arc differentiated into a central 
and a peripheral portion 

are noted. 

In a stroke culture, 

1 . the degree of growth — scanty, moderate, or 
profuse, 

2. their nature — either discrete or confluent, 
filiform, spreading or rhizoid, 

3. their elevation, surface, edges,' fcblour, struc- 
ture, odour, emulsifiability, consistency and 
changes in the medium 

are noted. 

In a fluid medium, the degree of growth — 
absence, scanty, moderate or abundant — pre- 
sence of turbidity and its nature, presence of 
deposit and its character, nature of surface 
growth such as pellicle and its quality and ease of 
disintegration, and odour are noted. 

Resistance 

The resistance of the organism to heat and to low 
concentrations of disinfectants is tested, both 
for vegetative and spore forms. Resistance of 
Sir. faecalis to heal at 60°C for half an hour and of 
clostridial spores to boiling for various periods 
are examples. Resistance to antibiotic and 
chemotherapeutic agents and bactcriocins would 
also help in differentiation and identification. 


The requirements of oxygen, the need for CO,, 
capacity to form pigments, and powers of 
haemolysis help us to classify bacteria and dif- 
ferentiate species. 


Fermentation and other biochemical 
properties 

The more important and widely used tests are 
described below: 

1. Sugar fermentation: This is tested sugar 
; media: .Acid production is shown by Change in the 

colour of the medium to pink or red, and the gas 
produced collects in Durham’s tube. 

2. Litmus milk: There may be no change in the 

medium, o/ acidoralkali maybe produced; clot- 
ting of milk, peptonisation or saponification may 
occur. The clot may be disrupted by gas produced 
(stormy fermentation). ' 

Indole production ■ This is tested in a peptone 
'water culture after 48 or 96 hours incubation at 
37°C. This test demonstrates th e production o f 
phane. Add 0.5 ml Kovac’S 


N reagent and shake gently. A red colour indicates 
a positive reaction. Kovac’s reagent consists of: 1 

Paradimcthylaminobeiualdehyde lOg 
Amyl or isoamyl alcohol J50m! 

Conc.HCL , ' 50ml 

This is prepared in small quantities and stored 
in the refrigerator. 




C Methyl red test (MR): This test i^ employed 
to defect the production of acid 'during the fer- 
mentation of glucose and maintenance of a pH 
below 4.5 in an old culture. Five drops of 0.04 % 
solution of methyl red are added to the culture in 
gl ucose p hosphate mediu m incubate d at 30°C for 
fi ve days, mixed well and read at once! A red col- 
our is positive while yellow signifies a negative 
test. 




f. Voges-ProskQiier test (VP): This test depends 
on the production of-adetyle methylcarbional (CH* 1 
CHOH. CO. CH,) from pyruvic acid, as an inter- 
mediate stage in its conversion' to 2:3 butylene 
glycol. In the presence of alkali and atmospheric 
oxyge n, the small a mount'of ace tyrfnethyl car- 
Tiionol present in the medium" Is *oxi3Re3 "to 
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diacetyl (CH,. CO, CO, CH,.) which reactswith 
the pep tone of the broth to give a red col our. , > ■ 
i .The test is performed by adding 0.6 ml of a 5 .% 
solution ofa-naphthol in ethanol and 0.2ml of 40 %. 
KOH to one ml of a glucose phosphate culture of 
the organism incubated at 30°C for five days or 
37°C for 48 hours. In a positive reaction, a pink 
colour appears in 2-5 minutes, deepening to 
magenta of crimson in half an hour. In a negative 
reaction, it remains colourless for half an hour. 
Traces of pink colouration should be neglected.- . ' 


6. Citrate utilisation: Koser’s citrate medium has 
citrate as the sole source of carbon. Ability to use 
this substance is indicated by the production of 
turbidity in the medium. i 

Indole, MR, VP and citrate tests are very use- 
fu l^ in the identification and classification of 
e nteric Utam negative bacteria. T hese tests a re 
commonly referred to by thcsigla ‘IMViC* tests. 


7. Nitrate reduction: This is tested after growing 
the bacterium for five days at 37°C in a broth con- 
taining 1% KNO ? . The test reagent consists of a 
mixture of equal volumes of solutions of sul- 
phanilic acid and a-naphthylamine in 5 N acetic 
acid mixed just before use. 0.1 ml of the test rea- 
gent is added to. the culture. A red colour 
developing within a few minutes is a positive test 
while absence of colour indicates a negative reac- 
tion. This is a test for the presence of the enzyme 
nitrate reductase which reduces nitrate to nitrite. 


8. Production of ammonia: To a peptone water 
culture grown for five days at 37°C, Nessler’s rea- 
gent is added. Brown colour is positive and faint 
yellow colour negative. 

9. Urease test: This test is done in Christensen's 
urease medium. Inoculate the slope heavily and 
incubate at 37°C. Examine after four hours and 
after overnight incubation. The test should not be 
considered negative till after four days’ incuba- 
tion. Urease positive cultures produce a purple 
pink colour. Urease producing bacteria reduce 
urea to ammonia and hence the colour. 


NHjCO.'NHj.+JHjO urease 2NH, + CO,. » » i 

in / iiyrn « <; I , • .i 

10 . Hydrdgen sulphide production: Some organ-, 
isms decompose sulphur-containing aminoaeids 
producing HjS among the products. When cul- 
tured in media containing lead acetate, they, turn' 
them black or brown. Instead of lead acetate, fer- ■ 
tic ammonium citrate or ferrous acetate can be 
used. A very 'delicate method is to grow the' 
organisms in culture tubes, inserting between the 
cotton plug and the tube a filter paper strip 
soaked in 10% lead acetate solution and dried. 
Browning 'or blackening of the paper indicates 
H 2 S production. 

11. Methylene blue reduction: One drop of 1% 
aqueous methylene blue is added to the broth cul- 
ture, and incubated at 37°C. Complete decolouri- 
sation isstrong positive while green colouration is 
weak positive. 

12. Catalase production: Add a loopful of 10% 
H,0, on colonies on nutrient agar. Prompt effer- 
vescence indicates catalase production. Cultures 
on media containing blood are unsuitable for the 
test as blood contains catalase. 

13. Oxidase reaction: This reaction is believed 
to be due to a cytochrome oxidase which 
catalyses the oxidation of reduced cytochrome by 
molecular oxygen. A 1 .0-1 .5% solution of teira 
methyl p-phenylene diamine hydrochloride 
is poured aver the colonies. Oxidase posith col- 
onies become maroon, purple and black in 10-30 
minutes. This test can also be done by Kovac’s 
method. A small strip of filter paper, soaked in 
the 'oxidase reagent, is laid in a Petri dish and the 
colony to be tested is smeared on the paper in a 
line about 5 mm long. In a positive reaction the 
smeared area turns dark in 10-60 seconds. The 
solution should be freshly prepared. 

14. Egg yolk reaction: Organisms producing 
lecithinase during growth (e.g.. Cl. welchii), 
when grown on a solid egg yolk medium, form 
colonies surrounded by a zone of clearing. 
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15. Growth in presence of KCN : Buffered pep- 
tone liquid medium containing KCN in a final 
concentration of about 1/13,000 is used to iden- 
tify some enteric bacilli . 

16. Composite media are increasingly being used 
for idenfitication of isolates. These are conve- 
nient and economical, as a single composite 
medium indicates different properties of the bac- 
terium, which otherwise would have required the 
use of many separate media. A composite 
medium widely used is the Triple Sugar Iron 
(TSI) agar medium which indicates whether a 
bacterium ferments glucose only, or lactose 
and sucrose also, with or without gas forma- 
tion, besides showing the production of H 2 S. 
The medium is distributed in tubes with a butt 
and slant. After inoculation, if the slant 
remains red and the butt becomes yellow, all 
sugars — glucose, lactose and surcose — are 
fermented. Bubbles in the butt indicate gas 
production and blackening of the medium 
shows formation of H 2 S. TSI medium facili- 
tates the preliminary identification of Gram 
negative bacilli. 

Other tests such as fermentation of organic 
acids, oxidation of gluconate, aminoacid decar- 
boxylation, and hydrolysis of sodium hippurate 
are in use. With increasing knowledge of the 


metabolic processes in the growth of various bac- 
teria, the tests too are on the increase. Special 
manuals have to be consulted for the details and 
utility of these tests. 

Antigenic structure 

By using specific sera we can identify organisms 
by agglutination reaction. 

Bacteriophage and bactcriocln typing 

Bacteriophage typing and bacteriocin typing ena- 
ble intraspecies typing of some bacteria. 

Pathogenicity 

For pathogenicity tests, the commonly used 
laboratory animals are the guinea pig, rabbit, rat 
and mouse. The routes used may be subcutane- 
ous, intramuscular, intraperitoneal, intracere- 
bral or intravenous. The oral route or the nasal 
spray can also be used. 

Identification of a bacterium is, therefore, an 
elaborate and time consuming process. It has to 
be done with meticulous care taking into consid- 
eration the sum total of the characteristics, with- 
out unduly weighting any single or very small 
group of characteristics. 


Further Readme 
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Bacterial taxonomy comprises three compo- 
nents: 

1. classification, or the orderly arrangements of 
units, 

2. identification of an unknown with a defined 
and named unit, and 

3. nomenclature, or the naming of units. 

For purposes of classification, it is necessary to 
determine as many characters of bacteria as pos- 
sible. Such characters may be weighted, greater 
importance being given to some than to others, or 
they may be assigned equal importance, depend- 
ing on the method employed for classification. 
On the contrary, for purposes of identifying 
bacteria) isolates, it is important to devise a key 
using the minimum number of important charac- 
ters which canbeeasilytcsted. 

Bacterial classification 

The first attempts at bacterial classification 
(MueJJer, 1786; Ehrenbesg, 3838) were made 
when little was known about bacteria. Haeckel 
(1866) classified all unicellular organisms as Pro- 
tista. Cohn (1872-75) made a morphological clas- 
sification, integrating bacteria with the blue-green 
algae in the class Schizophyta. A detailed system 
of classification was proposed by Migula (1894). 
As more information became available on the 
physiological and biochemical properties of bac- 
teria, these were employed in proposing new sys- 
tems of bacterial classification by Knight (1936), 
Kluyver and van Niel (1936) and others. ' 

Bacterial classification presents special prob- 
lems. Linnaeus (1735) divided all living beings 


into two kingdoms, plant and animal. Bacteria 
had been placed in the plant kingdom and desig- 
nated Schizomycetes (fission fungi). But as bac- 
teria present features common to both plants and 
animals, it has been proposed that a new king- 
dom, Monera, be created to accommodate all 
microorganisms without true nuclei, plastids and 
sexual reproduction (S tan ier a nd van Niel, 1941). 
This proposal has not met with universal accep- 
tance. 

Kingdoms are divided successively into Divi- 
sions, Classes, Orders, Families, Tribes, Genera 
and Species. For example, the full taxonomical 
position of the typhoid bacillus is as follows. 


Division ... 

Protophyta 

Class 

Schizomycetes 

Order 

Eubaeteriales 

Family 

Etuero bcictcriaceac 

Tribe 

Salmonellae 

Genus 

Salmonella 

Species ... 

Salmonella typlu 


Tfie spvcies ccwcepiJ w barlerw: The species is tpc 
standard taxonomical unit in biology. With 
higher forms of life, a species unit constitute* a 
stage of evolution, with a characteristic morpho- 
logy and is delimited by the failure of interbreed- 
ing outside the unit. But in bacteria, the species 
concept is vague and ill defined. Due to the 
absence of fossil-remains in bacteria, the 
evolutionary status of species cannot be estab- 
lished. Morphlogical differences arc insufficient 
for the definition of bacterial species. The gen- 
eral absence of sexual reproduction iri bacteria 
prevents the use of inbreeding as a test for dif- 
ferentiation between species. 
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In Spite of these difficulties, the concept of 
species provides a convenient unit in bacterial 
taxonomy. Besides morphological features, 
criteria Useful for definition of bacterial species 
are physiological, biochemical, antigenic and 
pathogenic properties. As ‘species’ is a genetic 
concept, definitive information can be obtained 
by comparison of the nucleotide base ratios, 
v, hich are const ant for any one species but may be 
different in different species. Genetic homology 
can be demonstrated by the binding exhibited 
between DNA isolated from different individuals 
of the same species. 

An important difference between classification 
of bacteria and of higher organisms is that in the 
former, the properties of a population are 
studied, and not of an individual. A population 
derived by binary fission from a single cell is cal- 
led a clone A single bacterial colony represents a 
done Though all cells in a clone are expected to 
be identical in all respects, a few of them may 
show differences due to mutation. A population 
of bacteria derived from a particular source, such 
as a patient, is called a jfrm/r. 

The general absence of sexual reproduction in 
bacteria serves to maintain their characters con- 
stant. But bacteria possess several features that 
contribute to a varying degree of hcterogcnicity 
in their populations. Their short generation time 
and high rate of mutation lead to the presence, in 
any population, of cells with altered characters. 
Methods of genetic exchange such as transforma- 
tion, transduction and conjugation cause differ- 
ences in characters. Prophage and plasmtd DNA 
can induce new properties. 

Phylogenetic classification: There are two 
approaches to bacterial classification. The hierar- 
chical classification represents a branching tree- 
like arrangement, one character being employed 
for division at each branch or level. This system is 
called phylogenetic because it implies an 
evolutionary arrangement of species. Here some 
characters arc arbitrarily given special wcighiage 
, Depending on the character so chosen, the clas- 
^ sification would give different patterns. For 


example, the intestinal Gram negative bacilli 
have been traditionally classified depending on 
whether they ferment lactose or not. While this 
provides a useful distinction between the 
pathogenic and nonpathogenic groups of these 
bacilli, a somewhat different but still useful 
arrangement would be obtained^ if fermentation 
of sucros^iV Ihe 1 criteri6n’used’ instead. While 
classification based on weighted characters is a 
convenient method, it has the serious drawback 
that the character used may not be valid. Fermen- 
tation of lactose, in the example dted , is not an essen- 
tial and permanent character. It may be acquired 
or lost, upsetting the system of arrangement. 

The Adansonian classification: The Adansonian 
classification, so called after Michael Adanson 
who introduced it in the 18th century, avoids the 
use of weighted characters. It makes no 
phylogenetic assumption, but merely takes into 
account all the characters expressed at the 
moment of study. Hence it is called a phenetic sys- 
tem. It gives equal weight to all measurable fea- 
tures, and groups organises on the basis of 
similarities in large numbers of characters. The 
availability of computers has extended Ihe scope 
of phenetic classification by permitting compari- 
sons of very large numbers of properties of sev- 
eral organisms at the same time. This is known as 
numerical taxonomy. • > 

Molecular or genetic classification: This is based 
on the degree of genetic relatedness of different 
organisms. Since all properties are ultimately 
based on the genes present, this classification is 
said to be the most natural or fundamental 
method. DNA relatedness can be tested by 
studying the nucleotide sequences of DNA and 
by DNA hybridisation or recombination 
methods. The nucleotide base composition and 
base ratio (Adenine-Thymine: Guanine-Cytosine 
ratio) varies widely among different groups of 
microorganisms, though it is constant for mem- 
bers of the same species. Molecular classification 
has been employed more with viruses than with 
bacteria. 
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No method of bacterial classification is univer- 
sally accepted. The method most widely adopted 
is presented in the successive editions of Bergey's 
Manual of Determinative Bacteriology. 

Intraspecies classification: For diagnostic or 
epidemiological purposes, it is often necessary to 
subclassify bacterial species. This may be based 
on biochemical properties (biotypes), antigenic 
features (serotypes), bacteriophage susceptibil- 
ity (phage types) or production of bacteriocins 
(colicin types). A species may be divided first into 
groups'and then into types, as for example, in 
streptococci. 

Nomenclature • 

The need for applying generally accepted names 
for bacterial species is self-evident. Chaos will 
result if the same bacterium is referred to by dif- 
ferent names by different workers. International 
agreement on bacterial nomenclature is ensured 
by the Code of Bacteriology Nomenclature which 
hastheauthorityofthe International Association 
of Microbiological Societies. 

Two kinds of names are given to bacteria. The 
first is the casual or common name which varies 
from country to country and is in the local lan- 
guage. Names such as ‘typhoid bacillus’ and 


‘gonococcus’ are casual names. Such names are 
useful for communication at the local level. The 
second is the scientific or international name 
which is the same throughout the world. The sci- 
entific name consists usually of two words, the 
first being the name of the genus and the second 
the specific epithet (e.g., Bacillus subtilis). The 
generic name is considered a Latin 'noun. The 
specific epithet is an adjective or noun and indi- 
cates some property of the species (e.g., dibits, 
meaning white), the animal in which it is found 
(e.g , sttis, meaning pig), the disease it causes 
(e.g., tetani, of tetanus), the person who disco- 
vered it (e .g. , welchii , after Welch ) or the place of 
its isolation (e.g., london). The generic n^me 
always begins with a capital letter and the specific 
epithet with a small letter, even if it refers to a 
person or place (e.g. , Salmonella london). 

Type cultures 

As a point of reference, type cultures of bacteria 
are maintained in International Reference 
Laboratories. The type cultures will contain rep- 
resentatives of all established species. The origi- 
nal cultures of any new species described will be 
deposited in type collections. They will be made 
available by the Reference Laboratories to other 
workers for study and comparison 


Further Reading 
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Genetics is the study of heredity and variation, 
seeking to understand ' the causes ’ of the 
resemblances and differences between parents 
and their progeny. Like other organisms, bac- 
teria also breed true ’and maintain their charac- 
ters constant from generation to generation, yet, 
at the same time, exhibit variations in particular 
properties in a small proportion of their progeny. 
Though hcritability and variation in bacteria had 
been noticed from the early days of bacteriology, 
it was not realised then that bacteria too obey the 
laws of genetics. Even the existence of a bacterial 
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nucleus was a matter of controversy. The differ- 
ences in morphology and other properties were 
attributed by Nageli (1877) to bacterial pleotnor- 
phism, which postulated the existence of but a 
single or, perhaps, a few species of bacteria, 
which possessed a protean capacity for variation. 
With the development and application of precise 
methods of pure culture, it became apparent that 
different types of bacteria retained constant form 
and function through successive generations. 
This led to the opposite concept of monomorph - 
ism, proposed by Cohn and Koch, which admit- 
ted of little potential for variation and separated 
bacteria into species upon single character differ- 
ences. ' 

It is only since the 1940‘s that principles of 
genetics were applied to bacteria and their vir- 
uses. This has ted not merely to a better under- 
standing of the genetic processes, but also to fun- 
damental advances in biology and biochemistry 
and to the birth of a new branch of science, 
molecular biology. 

Basic principle of molecular biology 

The ‘central dogma* of molecular biology is that 
deoxyribonucleic acid (DNA) carries genetic 
information, which is transcribed on to ribonuc- 
leic acid (RNA) and then translated as the 
particular ^polypeptid e (D NA — > RNA -* 
Polypeptide) . As the nature and functions of a 
cell are basically determined by the specific 
polypeptides that constitute its proteins and 
enzymes, it is evident that the essential material 
of heredity i s DNA which is the storehouse of all 
information for protein synthesis. (An exception 
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exists in the case of some viruses in which .the 
genetic material is RNA instead of DNA). 

The DNA molecule is composed of two chains 
of nucleotides wound together in the form of a 
'double helix’ (Fig. 8.1)., Each chain "has a 
backbone of deoxyribose and phosphate residues 
arranged alternately. Attached to each deoxy- 
ribose is one of four nitrogenous bases, the 
purines adenine (A) and guanine (G), and the 
pyrimidines thymine (T) and cytosine (C). The 
doublestranded nature of the molecule is stabi- 
lised by hydrogen ,bonding between the bases on 
the opposite strands in such a manner that adenine 
is always linked to thymine, and guanine to 
cytosine (Fig. 8.2). 

Adenine and thymine thus form a complemen- 
tary base pair, and guanine and cytosine form 
another. A molecule of DNA will, therefore, 
contain as many units of adenine as thymine, and 
of guanine as cytosine, but the ratio of each pair 
of bases (A + T)/(G + C), though constant 
for each species, varies widely from one bacterial 
species to another. The DNA molecule replicates 
by first unwinding at one end to ferm a fork, each 


strand of the fork acting as a template for the 
synthesis of a complementary strand, with which 
it then forms a double helix. 

Basically, RNA is structurally similar to DNA, 
except for two major differences. It contains the 
sugar ribose (instead of deoxyribose present in 
DNA) and the base uracil (instead of thymine 
present in DNA). Three distinct types of RNA 
can be distinguished on the basis of structure and 
function: messenger RNA (m-RNA), ribosoma! 
RNA and transfer RNA (t-RNA). DNA acts as 
the template for the synthesis of m-RNA and, 
therefore, the bases in the two will be com- 
plementary to each other. Adenine, guanine, 
cytosine and uracil in m-RNA will be, respectively, 
complementary to thymine, cytosine, guanine 
and adenine in the DNA. 

Genetic information is stored in the DNA as a 
code, the unit of the code (codon) consisting of a 
sequence of three bases, i.e., the code is triplet 
Each codon specifics for a single aminoacid, but 
the code is ‘degenerate’ so that more than one 
codon may exist for the same aminoacid. Thus, 
the triple! AGA codes for arginine, but the trip- 
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lets AG G, CGU,' CGC, CGA* and CGG also 
code for the same amlnoacid. The code is non- 
overlapping, each triplet being a distinct entity, 
and no base in one codon is employed as part of 
the message of an adjacent codon. Three codons 
(UAA, UAG and UGA) do not code for any 
aminoacid and ‘are called ‘nonsense codons’.' 
They act as punctuation marks (stop codons) ter- 
minating the message for the synthesis of a 
polypeptide. A segm ent of DNA carrying codons 
s pecifying for a particular polypeptide is c alled 
a ‘cistron’ or ge ne. aT)NA molecule consists 
of large number of cistrons, each of which 
contains hundreds of thousands of nucleotides. 
The bacterial chromosome consists of a double- 
stranded molecule of DN A arranged in a circular 
form, When straightened, it is about lOOOp. in 
length. It carries, on an average, about 1000- 
3000 cistrons. 

In higher forms of life, several stretches of 
DNA that do not appear to function as codons 
occur between the coding sequences of genes. 
These apparently useless noncoding intrusions 
are called tntrons , while the stretches of coded 
genes are called exons. During transcription, the 
genome is copied in its entirety, both introns and 
exons. The introns are then excised from the 
RNA copy before being translated by the ribo- 
somes into proteins 

Extrachromosomal genetic elements 

Besides the chromosomal DNA, bacteria may 
also possess extrachromosomal genetic elements. 
Two terms have been used for describing these 
structures. They are called plasmids wh en they 
consist of DNA situated in the cytoplasm in the 
tree state and reproducing aut bnom ously~(mde- 
pendeht re plicon s). Genetic elements that exist 
inline ot two alternate states, either autono- 
mously in the cytoplasm, or in the integrated 
state, attach ed to the bacterial chro mosomes are 
call ed episomes. Differentiation between plas- 
mids and episomes is often not possible and the' 
.two terms are frequently used synonymously. 

’•'stnitls and episomes are not essential for the 


normal life and function of,thc host bacterium, 
though they may confer on it properties such as 
drug resistance and toxigenicity conferring sur- 
vival advantage under appropriate conditions. 

Some plasmids endow the host cell with ‘male- 
ness’ or the ability to conjugate with other cells. 
Following conjugation, the recipient acquires the 
plasmid, becoming a ‘male’ or ‘donor’ cell in the 
process. The basis of malencss is the ability to 
form special pili (sex pili) which arc coded for by 
the plasmid. Such plasmids are called transmissi- 
ble plasmids. An example is the drug resistance 
(R) factor in enterobacteria. Some other plas- 
mi ds are not transmissible by conjugalion.'Dut 
a re conveyed from cell to c ell through iFeagcncy 
oLbacteiiapliages (transduction), l nc JcmcH- — 
li nasc plasmid w hich ind uces penicillin resistan ce 
i nstaphylococei is an example of a transducible 
plasmid. _ 

Technological advances in molecular biology 
have made it possible to introduce genes from 
eukaryotic cells into plasmids, which replicate 
stably in E. coll. Such recombinant DNA 
molecules form the basis of genetic engineering 
techniques. 

-Ill 

Genotypic and phenotypic variations 

The sum total of genes the make up the genetic 
apparatus of a cell establishes its genotype, which 
is the hereditary constitution of the cell that is 
transmuted to its progeny. The genotype in- 
cludes the complete genetic potential of the cell, 
all of which may or may not be expressed in a 
given environmental situation. 

The phenotype ('phacno*: display) is the physi- 
cal expression of the genotype in a given environ- 
ment. It follows, therefore, that a cell may exhibit 
different ^ phenotypic appearances in different 
situations; for example, the typhoid bacillus is 
normally flagullated, but when grown in phenol 
agar, the flagella are not synthesised. This is 
’only a phenotypic variation determined by the 
environment and is reversed when subcultured 
from phenol agar into broth. Another example 
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of environmental influence is the synthesis by E. 
c oli of the enzyme b eta-galactosidase, necessary 
f pTfactose fermentafio nrTh e~bjrillnrpossessi's 
the genetic information for the synthesis of the 
enzyme, "buftfic actual synthesis takes ^face 
oTfi ywRen jt~7r*grown irir tr-medium con taining 
lactose. When grovnrTfT^medmnrcontaining' 
glucose only, the enzyme is not synthesised. 
Such~eruyrneT which are synthesised only whe n 
ind uced by the substrate are called induce d 
enzy me.';, as opposed to co nstitutive enzym es, 
which are synthesised irrespectiVe~oT~the pi e- 
senetrer absence of the substraje^ 

— ThcTcgulatlOtfol enzymclnduction illustrates 
the economy of nature, ensuring that such enz 
ymes are synthesised only when the appropriate 
substrates are present."JAt other times, the enz 
yme synthesis is shut off or ‘repressed’. Studies 
by Jacob and Monod on the synthesis of 
beta-galactosidase by E. coli led to the ‘operon’ 
concept, which explains this regulatory mecha 
nism involving two types of genes, structural and 
regulatory. Genes determining the structure of a 
part icular .protein are called ‘structural gene s’. 
The activity o f structural genes is controlled by 
‘r egulator genes ’ which lie adjacent tothem. 

Lact ose fermentation by E. c oli requires three 
enzymes, bel a-galactosidas e, g alactoside per- 
mease and t ransacetylase, coded for respectively 
by the structural gene s the Z, lac Y a nd lac A 
arranged linearly in sequence, terming a lunc- 
tional unit known as' the lac opero n. The reg- 
ulator eene in this case is tael, which corte^fora 
‘repressor* , an a llosteric protein molecule whic h 
can combine either with the ‘operator’ region on 
the chrom osome, or with the inducer. Between 
lac / and the structural lac genes he the promotor 
and the* operator regions. For transcription of 
RNA for t he enzyme synthesis, the RNA 
polymerase has to attach to the promotor region. 


and travel along the structural genes in sequence. 
The operator region lies between the promotor 
and the structural genes. The sequence of genes is 
indicated above. , , , 

Inj fre resting stage, the repress or molecule is 
bound to the operator, preventing thepassageo? 
RNA polymerase from the p iamoloLto^he ope- 
ron. The repressor molecule has an affinity, for 
lactose, in the presence of which it leaves the 
operator region free, enabling the transcription 
to take place. Lactose thus acts both as the 
inducer and the substrate for beta-galactpsidase. 

sed, th e repressor again attaches to the operator^ 
s witching off tran scription. 

'TKenotypic variations are influenced by the 
environment, limited in range by the genotype, 
temporary and not heritable. Variati ons areaaid 
to bc^ genotypic whe n they are d ue to alterat ions 
in the genome. Genotypic variations are stable, 
hertggeaf id^not infiuencedbythTenvironment. 
T^eyTnay occur by mutation, or by one of the 
mechanisms of genetic transfer or exchange, such 
as transformation, transduction, lysogenic con- 
version and conjugation. 

Mutation , , ( 

Mutation is a random, undirected, heritable vari- 
ation caused by an alteration in the nucleotide 
sequence at some point of the DNA of the cell. It 
may be due to addition, deletion or substitution 
of one or more bases. A missense mutation is one 
in which the triplet code is altered so as to specify 
an aminoacid different from that normally 
located at a particualr position in the protein. 
Deletion of a nucleotide within a gene may cause 
premature polypeptide chain termination by 
generating a nonsense codon, i.e., nonsense 
mutation. Transversion is substitution of a purine 
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for 3 pyramidine and vice versa in base pairing. 
Suppressor mutation is reversal of a mutant 
phenotype by another mutation at a position on 
the DNA distinct from that of the original muta- 
tion. All genes are susceptible to mutational 
events, but not all mutations are expressed. Some 
mutations involve vital functions, arid such mu- 
tants are nonviable (lethal mutation). A type of 
lethal mutation which is of great interest is ‘condi- 
tional mutation’. A conditional lethal mutant 
may be able to live under certain conditions’(per- 
missive conditions), but not under others (non- 
permissive or restrictive conditions). The com- 
monest type of conditional mutant is the temper- 
ature-sensitive (ts) mutant, which is able to live at 
the permissive temperature (say 35°C), but not at 
the restrictive temperature (say 39°C). 

bach gene undergoes mutation with a fixed fre- 
quency. Mutation rates of individual genes in 
bacteria range from 1(H to 10 per bacterium 
per division The molecular mechanism of muta- 
tion is that during DNA replication, some ‘error' 
creeps in while the progeny strands arc copied 
For instance, instead of thymine bonding with 
adenine, it may. due to tautomcrism, sometimes 
bond with guanine Though mutation occurs 
spontaneously, its frequency can be increased by 
several agents (mutagens), such as UV rays, 
alkylating agents, acridine dyes, 5-bromouracil 
and2-aminopurine. 

Mutation is a natural event . taking place all the 
time, at its particular frequency in all dividing 
forms of life. Most-mutants, however, go unre- 
cognised as the mutation may be lethal or it may 
affect some minor function that may not be 
expressed. Mutation is best appreciated when it 
involves a function which can be readily 
observed. For example, an E. colt mutant that 
loses its ability to ferment lactose can be readily 
detected on MacConkey agar, but is unrecognisa- 
ble on nutrient agar Mutation is of vital impor- 
tance when it confers a survival advantage. If a 
streptomycin resistant mutant of the tubercle bacil- 
lus develops in a patient under treatment with the 
drug, it multiplies selectively and ultimately 
replaces the original drug sensitive population of 


bacteria. But in a patient who is not on treatment, 
the mutation confers no survival advantage and, 
therefore, preferential multiplication of the mut- 
ant docs not occur. Such changes in the character 
of bacterial populations, observed in the pre- 
sence of a selective environment, were formerly 
considered to be ‘adaptations’. By a post hoc, 
ergo propter hoc reasoning, the environment and 
the variation were believed to have a cause and 
effect relationship. Such induced variations were 
considered heritable in the Lamarckian sense. It 
was the demolition of this concept of adaptation 
in the 1940‘s that established bacterial gcncticson 
a firm scientific basis 

The proof that bacteria undergo spontaneous 
mutation independent of the environment 'was 
first provided by Luria and Delbruck (1943) by 
the ‘fluctuation test*. They found that very .wide 
fluctuations occurred in the numbers of bac- 
teriophage resistant E. coh colonics when sam- 
ples were plated from several separate small vol- 
ume cultures, as compared to samples tested 
from a single large volume culture. Statistically 
this indicated that mutations occurred randomly 
in the separate small volume cultures, some early 
and some late, resulting in the wide fluctuation. 
In the large volume culture, fluctuations were 
within limits of sampling error. However, the 
logic of this experiment was not vvidcly t appre- 
ciated by microbiologists, probably due to 
the statistical interpretation. Il was the simple, 
but elegant 'replica-plating' technique of Leder- 
berg and Lederbcrg (1952) that proved the point 
beyond doubt. Using a velvet template, they 
were able to transfer inocula from colonics on a 
master plate, on to a number of other plates, 
retaining the relative positions of the colonies in 
all the plates. By such replica-plating on culture 
plates with' and without bacteriophages, they 
w-ere able to show* that bacteriophage resistant 
mutants appeared without the bacteria ever hav- 
ing had contact with the selective agent. 

Mutation may affect any gene and hence may 
mollify any character of the bacterium. Mutants 
may vary in properties such as nutritional 
requirements, biochemical reaction, antigenic 
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structure, morphological features, colony form, 
drug susceptibility, virulence and host range. The 
practical" importance of bacterial mutation lies 
mainly in the field of drug resistance and the 
development of live vaccines. 

T ranm ission of genetic material 

Transformation: Transformation is the transfer 
of genetic information through the agency of free 
DNA. It was the first example of genetic 
exchange in bacteria to have been discovered. 
Griffith in 1928 found that mice died when 
in jected with a mixture of live noncapsulated (R1 
pneumoiiQCSicci and heat-killed capsulated(S) 1 ' 
pn eumococc i, neither of which separately proved 
fatal. If in the experiment, the live(K) pneumo- 
cocci were derived from capsular type J1 and 
the killed (S) strain from type I, from blood cul- 
tures of mice that died, the live type I capsulated 
pneumococcus could be isolated, showing that 
some factor in the heat-killed type I pneumococ- 
cus had transferred the information for capsule 
synthesis to the rough strain. Such transforma- 
tion was subsequently demonstrated in vitro also. 
The nature of the transforming principle was 
identified as DNA by Avery, Macleod and 
McCarty in 1944. 

Transformation has been studi ed mainly in 
pne umococc i. B acillus specie s and tfae mo- 
phihqjsfluenzae, though it may occur in other 
bacteria also. Any character may be transferred 
by transformation. Pieces of DNA involved in 
transformation may carry about 10-50 genes. 
The frequency and significance of transforma- 


at its core, besides its own nucleic acid, a segment 
of the host DNA. When this particle infects 
another bacterium, DNA transfer is effected and 
the recipient cell acquires new characters coded 
by the donor DNA. Transduction mav he „ 
‘generalised *, whe n it involves any seg m ent o fjhe / 
dondr DNA at randornTorlt maybe 1 ‘restricted'T f 
w hen a specific bacteriophng e_transduces_on|y & 
par ticular genetic trai t. Restricted transduction 
has _ been studied intensively in the ‘lambda’ 
phage of E. coli. The prophage lambda is inserted 
in the bacterial chromosome always between the 
genes determining glactose utilisation (gal) and 
biotin synthesis (bio) and, therefore, it transduces 
only either of these. 

Transduction is not confined to tra nsfer- of 
chromosomal DNA. E pisomes and p la smids m ay 
a!so~be transduce~d~Th e plasmids determini ng 
penicilJijuesistance-instaph-ylQCocci arc transTer- 
red from celltacdlbwtransduci ion. 

Transduction appears to be the most wide- 
spread mechanism of gene transfer among pro- 
karyotes and provides an excellent tool for the 
genetic mapping of bacteria/ ^ny group of ba c- 
teria for which bacteriophages exist, can be sub- 
has been reported that 
transduction may occasionally be effected in 
eukaryotic cells also( Transduction has been 
proposed as a method of ge netic engineerin g in 

-the — tre atment of s ome inborn errors pf 

metabolism) Claims have been made (hat the 
metabolic defects in fibroblasts from galac- 
tosaemic patients can be corrected by transduc- 
tion using the lambda phage carrying the gal 
gene. 


tion in bacteria under natural conditions are not 
known. *■#’ 

/ 

Transduction : The transfe r of a portion of the 
DNA fro m on e ba cteriu m to another by fiac- 
. .teriophage js_ known as transduction. Bac- 

teriophages are viruses that parasitise Bacteria 
and consist of a nucleic acid core and a protein 
coat. During assembly of bacteriophage progeny 
inside infected bacteria, ‘packaging errors’ may 
happen occasionally. A phage particle may have 


L ysogenic conversion: Bacteriophages exhibit 
two types of life cycle. In the virulent or lytic 
cycle, large numbers of progcncy phages are built 
up inside the host bacterium, which ruptures to 
release them. In the temperate or nonlytic 
cycle, the host bacterium is unharmed. The 
phage DNA becomes integrated with the bacte- 
rial chromosome as the prophage, which multi- 
plies synchronously with the host DNA and is 
transferred to the daughter cells. This process is 
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Fig fi jScxduction.Ttie integrated F factor of an W/rccMm.iy revert to the 
cytoplasmic slate During excision, some host genes may he incorporated 
in the f factor (C) When an f cell mates with an r“ccll. the host gene 
is transferred to the recipient 


called lysogeny and bacteria harbouring pro- 
phages are called lysogenic bacteria. Lysogeny 
is extremely frequent in nature. 

In lysogenic bacteria, the prophage behaves as 
an additional segment of the bacterial chromo- 
somes. coding for new characters. This process 
by which the prophage DNA confers genetic 
information to a bacterium is called lysogenic or 
phage conversion. In transduction, the phage acts 
only as a vehicle carrying bacterial genes from 
one cell to another, but in lysogenic conversion 
the phage DNA itself is the new genetic element 
Lysogenic conversion influences susceptibility to 
bacteriophages (immunity to superinfection 
with the same or related phages), and antigenic 
characters. Of great medical importance is the 
lysogenic conversion in diphtheria bacilli, which 
acquire toxigcmcity (and therefore virulence) by 


lysogenisation with the phage beta. Elimination 
of the phage from a toxigenic strain renders it 
nontoxigcnic. 

Conjugation: Conjugation is the process 
whereby a ‘male’ or ‘donor’ bacterium ‘mates' or 
nukes physical contact with a ‘female’ or ‘reci- 
pient’ bacterium and transfers genetic elements 
into it. This has been considered to be the bacte- 
rial equivalent of sexual mating in higher 
organisms, but the analogy is artificial as, follow- 
ing conjugation, the female bacterium is in turn 
converted into a male cell! Bacterial conjugation 
was first described by Ledcrberg and Tatum 
(1946) m a strain of E. coli called K12 and has 
been most extensively studied in this strain. 

Conjugation takes place between a male cell 
and a female cell. The malcncss or donor status of 
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a cell is determined by the presence in it of a plas- 
mid which codes for. specialised fimbria (sex 
pifus) which projects from the surface of the celt. 
The plasmid DNA replicates and a copy of it pas- 
ses from the donor to the recipient cell, probably 
along the sex pilus (conjugation tube). As a 
result, the recipient attains donor status and can 
in turn conjugate with other female cells. The 
maleness in bacteria is thus a transmissible or 'in- 
fectious' character. Along with the plasmid 
DNA, portions of the host DNA also are some- 
times transferred to the recipient. The donor 
DNA then combines with the DNA of the reci- 
pient, effecting genetic recombination. It was in 
E. colt K12 that the role of plasmids in conjuga- 
tion was first recognised. The plasmid responsi- 
ble was termed the ‘sex factor’ or ‘fertility (F) fac- 
tor*. When other similar plasmids were also dis- 
covered, the name ‘transfer factor* came to be 
used for all such plasmids which conferred on 
their host cells the ability to act as donors in con- 
jugation. 

Tfie F factor: The F factor is a transfer factor 
•^fhat contains the genetic information necessary 
for the synthesis of the sex pilus and for self-trans- 
fer. but ts devoid of other identifiable genetic 
markers such as drug resistance. Cells carrying 
the Ffactor (F + cells) have no distinguishing fea- 
tures other than their ability to mate with F- cells 
and. render them F+. The Ffactor is actually an 
. episome and has the ability to exist in some cells 
in the ‘integrated state’ or inserted into the ho*st* 
chromosome. Such cells are able to transfer 
chromosomal genes to recipient cells with high 
frequency and are know n as Hfr cells. Following 
conjugation with an Hfr cell, an F- only rarely 
becomes F-h, though it receives chromosomal 
genes from the donor. 

This conversion of an F+ cell into the Hfr state 
is reversible. When the Ffactorreverts from the 
integrated to the free state, it may sometimes 
carry with it some chromosomal genes from near 
to its site of attachment. Such an F factor incor- 
porating some chromosomal genes is called an F 
prime (F) factor. When an F cell mates with a 


recipient, it transfers, along with the Ffactor, the 
host genes incorporated with it. This process of 
transfer of host genes through the Ffactor resem- 
bles transduction and has, therefore, been called 
sexduction (Fig. 8.3) . 

Colicinogenic (Col) -factor: Several strains of 
coliform bacteria produce colicins — antibiotic 
substances which are specifically and selectively 
lethal to other enterobacteria. As similar sub- 
stances are produced by bacteria other than coli- 
forms also (pyocin by Pseudomonas pyocyanea, 
diphthericin by Corynebacterium diphtheriae), 
the name bacteriocin has been given to this group 
of substances. Chemically, bacteriocins vary in 
composition from proteins, to lipoprotein-poly- 
saccharide Complex, to a particle resembling a 
defective phage. The specificity of action of 
bacteriocins enables intrasperies classification 
of certain bacteria (e.g., Shigella sonnei, 
Ps. pyocyaneus). 

Colicin production is determined bv a plasmid , 
called the Col factor, which resembles the Ffac- 
tor in promoting conjugation, leading to self- 
transfer and, at times, transfer of chromosomal 
segments. 

Resistance transfer factor (RTF)- This plasmid is 
of great medical importance as it is responsible 
for the spread of multiple drug resistance among 
bacteria. 

This extrachromosomal mechanism of drug 
resistance was first reported by Japanese workers 
(1959) investigating the sudden increase in infec- 
tions caused by shigella strains resistant 
simulta neously to sulphonamides, streptomycin , 
ch loramphenicol and tetracycline. They obser- 
ved that patients excreting such shigella strains 
also shed in their faeces E. coli strains resistant to 
the same drugs. Transfer of multiple drug resis- 
tance was demonstrated between E. coli and 
shigella strains both in vitro and in vivo. The 
resistance is plasmid mediated and is transferred 
by conjugation. This mechanism of drug resis - 
t ance is known as Transferable, eptsomal or ! r[ fec- 
tlou sdrug resistan ce. 
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Fig 8 4 Transferable drug resistance TTic R + cell carries the R factor, 
consisting of RTF and r-deierminanls Its transfer to a sensitive R" 
bacterium, converts the recipient into a resistant R* cell 


This plasmid consists of two components — the 
transfer factor called the resistance transfer factor _ 
(RTF) which is responsible for conjugational 
transfer, and the resist ance determinant (r) for 
each of the several drugs. The whole plasmid 
(RTf+r determinants) is known as the R factor. 
An R factor can have several r determinants, and 
resistance to as many as eight or more drugs can 
be transferred simultaneously (Fig. 8.4). Some- 
times the RTF may dissociate from the r deter- 
minants, thelwo components existing as separate 
plasmids. In such cases, though the host cell 
remains drug resistant, the resistance is not trans- 
ferable. The RTF can have attached to it deter' 
minants other than those for drug resistance. 
Entcrotoxm and haemolysin production in some 
enteropathogeme E. coli have been shown to be 
transmitted by this transfer factor. 

Transferable drag resistance 1 !? seen widely \n 
various pathogenic and commensal bacteria of 


man and animals — Enterobacteriaceae, Vibrio, 
Pseudomonas, Pustetirella. The tran sfer ran Tie 
effec ted readily m vitro, but in tfie~normalfi nL.it 
is inhibited by several factors such as anaerob ic 
"cond itions, biliT salts, alkaline pH and the abu n- 
darice^ j^L-anaatnb ic. Gram positive bacteria 
minimising t he chances of con tact between donor 
anrt ?tlfl~able recepient c ells, but in the intestines 
of persons on oral antibiotic therapy, transfer 
occurs readify due to the destruction of the sensi- 
tive normal flora and the selection pressure pro- 
duced by the drug. 

Transferable drug resistance is now universal 
in distribution and involves all antibiotics in com- 
mon use. Its incidence is directly proportional to 
the frequency of use of antibiotics in the area. 
Bacteria carrying R faetbrs can spread from ani- 
mals to man. I fence indiscriminate use of antibio- 
tics in veterinary practice or in animal feeds can 
also lead to an increase of multiple drug rcsis- 
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tance in the community. The addition of antibio- 
tics in animal feeds has for this reason been pro- 
hibited by legislation in some countries. 

j Genetic mechanisms of drug resistance 
in < bacteria 

Bacteria may acquire drug resistance^ by muta- 
tion , or by one of the methodsjof genetic trajisfer. 
The biochemical mechanisms of resistance may 
be several, inclu ding decre_ascd permeability to 
t he drug, development of alternate metabol ic 
pathways, and product ion of enzymes inactivat- 
ing the drugs. 

'* Mutat ional resistance is mainly of two types: 

1, the step-wise mutation, as seen with penicil- 
lin, where high levels of resistance are achieved 
only by a series of small-step mutations, and 

2. the ‘one-step’ mutation, as seen with strep- 
tomycin, where the mutants differ widcly'in the 
degree of resistance, some exhibiting low resis- 
tance, while others may be highly resistant, and 
some even streptomycin dependent. 

In clinical practice, mutational resistanccjs of 
great importance in tuberculosis. If a patient is 


treated with streptomycin alone, initially the 
bacilli die in large numbers but, soon, resistant 
mutants appear and will multiply unchecked. If 
two or more"antitubeTculous"'drugs arc used for 
combined treatment, rcp’opulation by resistant 
mutants does not occur, as a mutant resistant to 
one drug will be destroyed by the other drug. The 
possibility. of a mutant exhibiting resistance to 
‘multiple drugs simultaneously is so remote as to 
be virtually nil. This is the rationale behind com- 
. bined treatment in tuberculosis. 

Resistance" transfer by~ transformation can be 
demonstrated experimentally, but its significance 
in nature is not known. Acquisition of resistance 
by transduction is common in staphylococci. The 
penicillinase plasmid *, which . -in: tr.-msmitle/} },y 
transduction, may also carry determinants for re- 
si slance'to mercu r ic chloride and crythromycfi T 
‘"Transferable drug resistance mediated by the 
R factor is the most important method of drug 
resistance. Acquisition of an R factor simultane- 
ously confers resistance against several drugs 
and, therefore, treatment with a combination of 
drugs is of no avail. The mechanism of resistance 
is by the production of degrading enzymes, and 
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Comparison of mutational and transferable tjpes or drug resistance 
in bacteria 


Mutational drug resistance Transferable drug resistance 




7 


Involves resistance t o one dru g 
at a lime. 

Degr ee of resistance usuall) low. 
May be overcom e by high drug 
dosage. 

Can be presented by treatment 
ssith combination drugs 
Resistance doeshot spread. 


Resistant mutants are usually 
mciah ohcaHv dcfec iiv c. 

Virulence m as tv low. 


Simultaneous resistance to 
m ultiple dru gs. May involve all 
drugs used m cliriicalfrcatment. 
Degree of resistance usually high. 
High drug dosage ineffective. 

Combination of drugs cannot 
prevent. 

Resistance spreads to other cells 
of same or different species of 
the genus. 

Metaboheall) normal. 


Virulence not decreased 
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Fig S 5 Diagrammatic representation of a transposon The upper figure shows a transposon along the course of a 
DNA molecule, consisting of a gene in the middle and inverted repeat sequences of nucleotides at cither end The 
lower figures represent the stem and loop structure formed by each strand of the transposon The loop consists of 
the gene and ihe stem is formed by hydrogen bonding between the terminal repeat sequences The stem and loop 
form can attach to insertion sues on recipient DNA 1 Transposon 2 Inverted repeat sequences. 3 Gene. 4 
Inverted repeat sequences 5 Double stranded DNA. 6 Single stranded loop consisting of gene 7 Double 
stranded stem formed by bonding of terminal inverted sequences 


the level of resistance is usually of a high order. 
Resistance may be transferred between bacteria 
of different taxonomic groups. While the resis- 
tant mutants usually have a lower growth rate and 
reduced virulence as compared to the wild 
strains, bacteria carrying R factors are apparently 
normal in other respects. There is evidence that 
in some instances, R factors may even lead to 
enhanced virulence. Multiple drug resistance was 
initially seen in bacteria causing diarrhoeas and 
such mild infections that did not warrant antibio- 
tic treatment as a routine. It has subsequently 
spread to involve various Gram negative bacilli 
that cause urinary and systemic infections Most 
disturbing has been the acquisition of such 
resistance by typhoid bacilli in some endemic 
areas. 

In the laboratory, R factors may sometimes be 
eliminated by treating bacteria with acridine dyes 


or ethidium bromide. But in the community, the 
only way to prevent widespread dissemination 
of multiple resistance is to restrict the use of 
antibiotics to the essential minimum. 

Transposable genetic elements 

Certain structurally and genetically discrete seg- 
ments of DNA have been identified that have the 
ability to move around between chromosomal 
and extrachromosomal DNA molecules within 
cells. These DNA molecules are called irons 
sons and th is mode of genetic transf er, transpose 
tion.J K transposon is a segment of DNA with one 
or more genes in the centre, and rhe two ends car- 
rying invert ed re pcatlsequcnccs of nucleotides 
— nucleotide sequences complementary to each 
other, but in the reverse order. Because of this 
feature, each strand of the transposon can form a 
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single stranded loop carrying the gene, and a 
double stranded stem formed by hydrogen bond- 
ing between the terminal inverted repeat sequ- 
ences (Fig. 8.5). Tr ansposons get attached at ce r- 
tain regions of CtTromosomal . plasmid or phage 
DNA. Insertion ot a transposon leads to the 
Acquisition of new characters by the recipient 
DNA molecule. 

By transposition, a segment of DNA can be 
transferred from one molecule to another 
molecule that has no genetic homology with 
either the transposable element or with the donor 
DNA. In this it differs from recombination. As 
sizeable chunks of DNA are added by transposi- 
tion, the recipient molecule becomes heavier. 

Characters transferred by transposons' may 
sometimes confer* survival advantage under 
appropriate -environmental conditions. It has 
been suggested that .the resistance-determinant 
segments of {fte~R factors may_have evolved as 
collections of transposons, each carrying a gene 
that confers resistance' to one or several antibio- 
tics. 

Transposition is a mechanism for amplifying 
genetic transfers in nature and has been iden- 
tified in microorganisms, plants and animals. 
Transposons appear to accomplish in nature, 
gene manipulations similar to the laboratory 
manipulations that have been called ‘genetic 
engineering*. 

Genetic engineering 

It is now possible to isolate the genes coding for 
any desired protein from microorganisms or from 
cells of higher forms of life including man. and 
introduce them into suitable microorganisms, in 
which the genes would be functional, directing 
the production of the specific protein. This is 


known as the Recomb inant-DNA technohev o r 
Gene tic engmecmjg I~Such cloning of genes in 
microorganisms enables the production of any 
desired protein in pure form, in large quantities 
and at reasonable cost . 

Different strategies have been employed for 
obtaining the desired genes' For very small pro- 
teins, such as the pituitary hormone somatostatin 
whose complete aminoacid sequences are 
known, the genes can be synthesised m the 
laboratory. With larger proteins, this is not possi- 
ble. The DNA can be cleaved by specific enzymes 
called r estriction endonucleases and the frag- 
ments containing the desired genes isolated. This 
does not work with DNA of higher organisms, as 
they contain introns . In such cases, the concerned 
messenger BN/Ccan be isolated from cells pro- 
ducing the desired protein. A DNA copy is made 
from the mRNA using the enzyme reverse trans- 
criptase. The double stranded DNA gene is then 
prepared "using DNA polymerase. This is incor- 
porated into suitable vectors or carriers, such as 
plasmids or temperate bacteriophages for inser- 
tion into microorganisms. The microorganism 
commonly employed is Escherichia coli K12, 
(hough many other bacteria and yeasts have also 
been used. 

Genetic engineering has become an established 
branch of biotechnology with great scope for com- 
mercial exploitation. Cloned hu man insul in, 
interferon s, somatostatin, growth Iiormoncslind 
many other biologicals have already been mar- 
keted. Safer vaccines can be produced by cloning 
the proicctivc^antjgens of p athogens, as has 
already been done, for example, with foot and 
mouth disease, hepatitis B and rabies viruses. 
The versatile technique has many extramedical 
applications also. 


Further Reading 
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9 Infection 


Infection and immunity involve interactions bet- a rare consequence of infection, which is a com- 
ween the animal body (host) and the infecting mon natural event. 

microorganism. Based on their relationship to Infections may he classified in various ways, 
hosts , microorganisms can be classified as s apro- i nitial infection with a p arasite in a host is terme d 
pfiytes J jftom G. sapros , decayed: and nhyton . ( primary infection. Subsequent inferfiont-hy_tI »> 
plant) and p arasi tes. Saprophytes are free living sJmc parasite in t he host are termed reinfections . 


microbes that subsist on dead or decaying organic 
matter. They arc found in soil and water and play 
an important role in the degradation of organic 
materials in nature. They are generally incapable 
of multiplying on living tissues and, therefore, 
arc of little relevance in infectious disease. 
Exceptionally, however, some saprophytes, for 
example B. sublilts , may infect devitalised hosts 
whose natural resistance is greatly reduced (op- 
portunistic infection). Parasites are microbes that 


in a host whose resista n ce is lowered bv a 
p reexisting infectious disease, a new parasite sets 
up an infection, this is termed secondary infec- 
tion . ihc term focal infection (more approp- 
riately ./oca/ sepsisTintiictUcs a condition where, 
due to infection or sepsis at localised sites such as 
a ppendix or tonsils , generalised effects are pro- 
duce d When m a patient already suffering from 
ajhscase, a new m f cctipn is set up from anothe r 
host or another external source, i t is te rmed cross 
can establish themselves and multiply in hosts, .infection . Cross infections occurring in hospitals 
Parasitic microbes may be either pathogens {fiortw&re calle d npsocomial infections (from G. 

G. pathos, suffering; and gen, .produce , i.e., dis- cbinion. hospital). The term tatromuc infectio n 
ease-producing) or commensals (from L. con, ^r efers to physician-induced infections resu lting 
with; and mensa, table, i.e., li ving together), from investigativ e, therapeutic "or other proce- 

Utnes. uepcnding on whether the source of infe c- 
ti on is from (he host's ow n bodyor from externa l 
so urces, in fections are classified as cndogenoits 
or exogenous, res pectively^ Based on the clinical 
effects o'fTnfections, they may be classified into 
different varieties I napparent infection is o ne 
where clinical effcctrarTrnm "apparent. The term 
\itbcUnical intection is oiten used as a synonym. 
Atypical in fiction is one in which the typical or 
characteristic clinical manifestatio ns of the par ti- 
cular infectious di sease a rc n ot present. Some 
parasites, following infect ion, may remain in the 
tissues in a latent or hidden form proliferating 


Pathogens are microorganisms that are capable 
ofproducingdiscascin the host. Commensal mic- 
robes live in complete harmony with the host 
without causing any damage to it. The normal 
bacterial flora of the body consist largely of com- 
mensals Many commensals behave as facultative 
pathogens in that they can produce disease when 
the host resistance is lowered 
It is necessary to distinguish between the term"^ 
‘infection’ and ‘infectious disease’. The lodge- 
ment and multiplication of a parasite in or on the 
tissues of a host constitute infection It does not 
invariably result in disease. In fact, disease is hat 
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and producing clinical disease when the host resis- 
tance is lowered. This is termed latent infection. 

Sources of infection in man 

Man: The commonest source of infection for 
man is m3n himself. The parasite may originate 
from a patient or a carrier. A carrier is a perso n 
who harbours the_p a thogenic, microorganisms 
w ithout suffering from an y il l eflect from it. Sev - 
cral types of carriers have been identified. A 
he althy carrier is one who harbours the pathoge n 
buFhas never suffered from the disease caused b y 
the pathogen, while a convalescent carrier is on e 
who has~ recovered from the disease and con - 
t inues to harbouT th e pathogen m his bod y. 
Depending on the duration of carriage , carrier s 
are classifie d as temporary and chronic . The te m- 
por ary carncr_state la sts l ess than six months , 
whil e chronic carriage mayTast for several years 
and sometimes even for the restof one’s life. The 
term contact carrier is ap p lied to a person w ho 
ac quires the pathogen from a patient while t he 
t erm paradoxical comer re fers to a carrier who 
acquires the pathogen from another car rier. 

Animals: Many pathogens are able to infect both 
man and animals. Animals may, therefore, act as 
sources of human infection. In some instances, 
the infection in animals may be asymptomatic. 
Such animals serve to maintain the parasi te in 
natur e a nd act as the reservoir of human inf ec- 
t ions. I hey are, therefore, called reservoir hosts. 
Infectious dis eases transmitted tr om animals t o 
man arc called zoonoses. Zo onotic diseases may 
be bacterial (e.g plague from rat s), viral (c.g.. 
rabies from dogs), protozoal (e.g., leishmaniasis 
from” dogs), helminthic (e.g., hydatid disease 
fronT~Uogs) or fungal (e.g , zoophihe tier- 
niatophytes from cats aritTdogsT 


Insects: Blood sucking insects may transm it 
pathogens to man. The diseases so caused are 
called arthropod- borne diseases* Insects such as 

tnmsminnTections are callccTVfcfprs. Transmis- 1 


sion may be mechanical (e.g., transmission of 
dysentery or typhoid bacilli by the domestic fly). 
Such vectors are called mechanical vectors.' In 
oThcf" instances, the pathogen multiplies in the 
body of the - vector, often undergoing part of a 
developmental cycle in it.' Such vectors arc 
termed biological vectors (e.g., Aedes aegypti 
mosquito in yellow fever, Anopheles mosquito in 
malaria). Biological vectors transmit infection 
only after the pathogen has multiplied in them 
sufficiently or has undergone a developmental 
cycle. The ^interval of time required for the 
biological vector to become infective , beginning 
from the time of entry of pa thogen into it, i s 
termed the extrinsic incubation period . 

Besides acting as vectors, some insects may 
also act as reservoir hosts (e.g., ticks in relapsing 
fever and spotted fever). Infection is maintained 
in such insects by transovarial or trans -stadia! 
passage. 

Soil and water: Some pathogens are able to sur- 
vive in the soil for very long periods. 'Spores of 
tetanus bacilli may remain viable in soil for sev- 
eral decades and serve as the source of infection. 
Fungi (e.g., Histopfasrria captuhtum, Nocardia 
asteroidcs) also survive in soil and cause human 
infection. Soil also serves as the source of parasi- 
tic infections such as roundworm and hookworm. 

Water may act as the source of infection either 
due to contamination with pathogenic microor- 
ganisms (e.g., cholera vibrio, infective hepatitis 
virus) or due to the presence of aquatic lectors 
(c.g., cyclops in guinea worm infection). 

Food: Contaminated food materials may act as 
sources of infection. Presence of pathogens in 
food may be due to external contamination (e.g., 
food poisoning by staphylococcus) or due to pre- 
existent infeettion in meat or other animal pro- 
ducts (c.g., measly pork) . 

Methods of transmission of Infection 

Contact: Infection may be acquired by contact, 
which may be direct oriindirect. Sexually trims- 
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mitted diseases such as .syphilis and gonorrhoea 
illustrate spread by direct contact. The term con- 
tagious disease had been used for diseases trans- 
mitted by direct contact as distinct from the term 
infectious disease signifying all other modes of 
transmission. This distinction is now not general- 
ly employed. Indirect contact may be through the 
agency of fomites, which arc inanimate objects, 
such as clothing, pencils or toys, which may be 
contaminated by a pathogen from one person and 
act as a vehicle for its transmission to another. 
Pencils shared by school children may act as 
fomites in the transmission of diphtheria, and 
face towels in trachoma. 

Inhalation: Respiratory infections such as 
influenza and tuberculosis are transmitted by 
inhalation of the pathogen. Such microbes are 
shfol into the environment by patients in secre- 
tions from the nose or throat during sneezing, 
speaking or coughing. Large drops of such secre- 
tions fall to the ground and dry there. Pathogens 
resistant to drying may remain viable in the dust 
and act as sources of infection. Small droplets, 
under 0.1 mm in diameter, evaporate immediately 
to become minute particles or droplet nuclei (usu- 
ally MOp. in diameter) which remain suspended 
in air for long periods, acting as sources of infec- 
tion. 

Ingestion. Intestinal infections are generally 
acquired by the ingestion of food or drink con- 
taminated with the pathogens. Infection trans- 
mitted by ingestion may be water-borne (chol- 
era), food-borne (food poisoning) orhand-bome 
(dysentery). The Importance of finger-borne 
transmission is being increasingly recognised, not 
only for pathogens entering through the mouth, 
but also those that enter through the nose and 
eyes. 

Inoculation: Pathogens, in some instances, may 
be inoculated directly into the tissues of the host. 
Tetanus spores implanted in the depth of 
wounds, rabies vims deposited subcutaneously 
bv doe bites and arboviruses injected by insect 


vectors are examples. Infection by inoculation 
may be iatrogenic when unsterile syringes and 
surgical equipment are employed. Hepatitis B 
and Human Immunodeficiency (Virus may be 
transmitted through transfusion of infected 
blood, or the use of contaminated syringes and 
needles, particularly in addicts of injectable drugs. 

Insects : Insects may act as mechanical or biolog- 
ical vectors of infectious diseases. _ 

Congenital-. Some pathogens are able to cross 
the placental barrier and infect the fetus in iticro. 
This is known as vertical transmission. This may 
result in abortion, miscarriage or stillbirth. Live 
infants may be born with manifestations of tlie 
disease, as m congenital syphilis. Intrauterine 
infection with the rubella virus, especially in the 
first trimester of pregnancy, may interfere with 
organogenesis and lead to congenital malforma- 
tion. Such infections are known as teratogenic 
infections. 

Iatrogenic and laboratory infections: Infection 
may sometimes be transmitted during procedures 
such as injections, lumbar puncture and cathc*- 
tcrisation, if meticulous care in asepsis is lacking. 
Modem methods of treatment such as exchange 
transfusion, dialysis, heart and transplant surgery 
increase the possibilities for iatrogenic infections. 
Laboratory personnel handling infectious mate- 
rial are at risk and special care should be taken'tb 
prevent laboratory infection. 

The outcome of an infection will depend on the 
interaction, between mictobid factors, which pre- 
dispose to pathogenicity and host factors which 
contribute to resistance . 

Factors predisposing to microbial pathogenicity 

The terms ‘pathogenicity’ and ‘virulence’ refer to 
the ability of a microbe to produce disease or tis- 
sue injury, but it is convenient to make's fine dis- 
tinction between them. ‘Pathogenicity* is gener- 
ally employed to re fer to the ability of a microbial 
species to produce disease while the term ‘viru- 
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lence’ is applied to the same property in a strain of 
microorganism. Thus the species M. tuberculosis 
or the polio virus is referred to as.pathogenic. The 
pathogenic species M. tuberculosis and the polio 
virus contain strains of varying degrees of viru- 
lence including those which are avirulent, such as 
the vaccine strains. The virulence of a strain is not 
. #gponstant and may undergo spontaneous or 
•^nduced variation. Enhancement of virulence i s 
//£nown as exaltation and can be demonstrated 
experimentally by serial passage in susceptible 
hosts. R eduction of virulence is known as attenu- 
nrt ation and c an be achieved by passage through 
unfavourable hosts, repeated cultures in artificial 
/media, growth under high temperature or in the 
presence of weak antiseptics, desiccation, or pro- 
longed storage in culture. 

Virulence is the sum total of several determin- 
ants, as detailed below. 


Adhesion: The initial event in the pathogenesis 


of many infections is the attachment of the bac- 
teria to body surfaces. This attachment is not a 
chance event, but a specific reaction between sur- 
face receptors on the epithelial cells and adhesive 
structures on the surface of bacteria. These adhe- 
sive structures are called adhesins. Adhesins may 
occur as organised structures, such as fimbriae or 
fibrillae and pill, or as colonisation factors. This 
specific adhesin may account for the tissue 
tropisms and host specificity exhibited by many 
pathogens. Adhesins serve as virulence factors. 
Loss of adhesins often renders the strain aviru- 
lent. Adhesins are antigenic. Specific immunisa- 
tion with adhesins has been attempted as a 
method of prophylaxis in some infections, as for 
instance against Escherichia coli diarrhoea in 
calves and piglets, and gonorrhoea in tyumans. 

Invasiveness: This refers to the ability of a patho- 
gen to spread in the host tissues after establishing 
infection. Highly invasive pathogens characteris* 


TABLE 9 1 

Distinguishing features of Cxotoxins and endotoxins 


Exotoxins > Endotoxins 




Proteins. 

/h eat labile . 

/> KcUvel ysecreted bv ceils: diffuse 
V i nto surrounding medium. 
4/^ Readily separable from culture s 
b Vptmicai means such as filtration . 
Acnoi 


, Specific pharmacological effect 
{/ T or each exotox in 
S<7 Specific tissue affinities 

Active in very minute doses. 
> ^ Thghly antigenic. 

10' Action specifically neutralised 
s/ / by antibody. 
xC/, Ca n be mxoided. 

OjA P roduced mainly by Gram 
^ positiVe'bacteria, but also by 
softie Gram negative bactcnaT 


Protein-Polvsaccb an de-Lipid 

complexes 

stnhie 

Form part of cell wall; do not 
"d iffuse into surrounding medium . 
Obtained Only by cell lysis . 

No enzymatic action . 

Effect nonspenfier ac tion 


No specific tissue affinity *. 
Active only in very large doses 
^tV eaklv anticenic. 
Neutralisation by antibody 
ineffective. 


Ca nnot be toxoided 
Pr oduced by Gram 
negative bacteria. 



68 


TfcXTBOOK OF MICROBIOLOGY 


tically produce spreading or generalised lesions 
(e.g., streptococcal septicaemia following wound 
infection), while less invasive pathogens cause 
more localised lesions (e.g., staphylococcal 
abscess). Some pathogens though capable of 
causing senous or even fatal diseases lack inva- 


toxicity depends o n the lipid comp onent (lipid 
A). They are not secreted outside - t he bacterial 
cell and are rel eased only hy the di sintegration of 
th e cell wall T hey can not’ be toxoided . They are 
p oor an tigens a nd their toxicity is not com pletely 
ricuFrafisetTBy the homologous antibodies. They 


siveness altogether (e.g., tetanus bacillus which tmTacTTvc only in relativ ely large doses and lethal 
remains confined to the site of entry and pro- n , doses aTe ot the orderoT 5-25 mg mthenii oQse. 
duces the disease by elaborating a potent toxin). ^ They do not exhibit specific pharmaco logical 

^activities. All endotoxins, whether isolated from 


TotJgenidty: Bacteria ptoducc vw© types of 
toxins, exoioxins and endotoxins . Exotoxins are 
heat labile protein s which are secret ed by certai n 
spe cies of bacteria an d diffuse teadTly into the 
su rrounding medium . They a re highly’, potent in 
minute amoun ts and cons titute some of the most 
po isonous substances know n. One mg of tetanus 
or hptuhnwn toxin is sufficient to kill more than 
one million guin ea pi gs and it has becnestimated 
t haTTlf kg ot botulinunTtoxin can KflTattThe 
i nhabitants of th e worid rTreatmcnt of exotoxins 
with formaTdetivde yiel ds toxoids w hich are non- 
t oxic but retain the ability to form antibodies (an- 
t i to xTnsh TlTie v exh i &l spectfi^.tls.s uOIf iri i ties 
and ph armacological ac tivitie s, eac h toxin p ro- 

c haractcristic clinical manifestations or autop sy" 
ap pearan ces. Exoto xinsarc generally Ermed by 
Gram pos itive bacteria but may also he produced 
bv som e (Jrani neg ative orga nisms sncb Jls5HigaT~ 
dysentery bacillus ch olera vibrio and ent ero- 
t oxigenic E coh. — 

Endotoxins are heat stable polysaccharide-pro- 
tem-hpid complexes which form an integral pdn 
of tHe cell wall o f Gram negative bacteria. Their 


pathwgVAxsc. w bacteria- produce 

sinister effects. Administration of small quan- 
tities of endotoxin in susceptible animals causes 
an elevation of body temperature appearing within 
15 minutes and lasting for several hours. The 
pyrogenic effect of fluids used for intravenous 
admimstration vs usually due to the presence in 
them of endotoxins from contaminant bacteria. 
Intravenous injections of large doses of endoto- 
xin and massive Gram negative septicaemias 
cause the syndrome of cndotoxic shock evidenc- 
ed by fever, Icucopaenia, thrombocytopaema, 
profound fall of blood pressure, circulatory col- 
lapse and bloody diarrhoea leading to death 
(Tables 9. 1. 9.2). 

Communicability: The “ability of a parasite to 
spread from one host to another is known as com- 
municability. This property does not influence 
; in an individual host but 
determines the survival and distribution of a 
parasite in a community. A correlation need not 
exist between virulence and communicability In 
fact, a highly virulent parasite may not exhibit a 
high degree of communicability due to its rapidly 
lethal effect on the host, ip general, infections in 


, TABLE 9 2 

Biological activities of endotoxins 


1- Pyrogcniaty;2.Lethal arfion3-Deprcssion of blood pressure;tyAcnvanon of 
complemcng'Jnlravasailar coagulation^LeuCOpaeniSyLeucocytosis, Inhibition 
of glucose and glycogen synthesis m ihe liver. Stimulation of B lymphocytes; 
Macrophage inhibition; Interferon release; Induction of prostaglandin synthesis; 
Clotting of linuilm /ware Oysafc of a mocboci tes fro m horse shoe cnb^ fjmuha 
potyphemus. used a s a test fo r d etection of e ndotox ins). 
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which the pathogen is shed in secretions, as in 
respiratory or intestinal diseases, are highly com- 
municable. In some instances, as in hydrophobia , 
human infection represents a dead end. there 
being an interruptiion in the spread of the patho- 
gen to other hosts. 

Development of epidemic and pandemic dis- 
eases requires that the strain of pathogen posses- 
ses high degrees of virulence and communicabil- 
ity. 

Other 'bacterial products: Some bacterial pro- 
ducts other than toxins, though devoid of intrin* 
sic toxicity, may contribute to virulence by 
inhibiting the mechanisms of host resistance. 
Pathogenic staphylococci produce a thromhin- 
like enzyme coaguhsc which prevents phago- 
cytosis by forming a fibrin barrier around the bac- 
teria and walling off the lesion. Fibrinolysins pro- 
mote the spread of infections by breaking down 
the fibrin barrier in tissues. Hyaluronidases split 
hyaluronic acid which is a component of intercel- 
lular connective tissue and thus facilitate the 
spread of infection along tissue spaces. Leucoci- 
dins damage , polymorphonuclear leucocytes. 
Many pathogens produce haemolysins capable of 
destro>ing erythrocytes but their significance in 
pathogenicity is not clearly understood. 


ceptibility, these doses are more correctly esti- 
mated as statistical expressions, ID 50 and LD 50, 
as the dose required to infector kill 50 per cent of 
the animals tested under standard conditions. 

Route of infection: Some bacteria, such as strep- 
tococci, can initiate infection whatever be the 
mode of entry. Others can survive and multiply 
only when introduced by the optimal routes. 
Cholera vibrios are infective orally but are unable 
to cause infection when introduced subcutane- 
ously. This difference is probably related to 
modes by which different bacteria are able to 
initiate tissue damage and establish themselves. 
Bacteria also differ in their sites of election in the 
body after introduction into tissues. They also 
differ in the ability to produce damage of diffe- 
rent organs in different species of animals. 
Tubercle bacilli injected into .* rabbits cause 
lesions mainly in the kidneys but infrequently in 
the liver and spleen, but in guinea pigs, the 
lesions are mainly in the liver and spleen, the kid- 
neys being spared. The reasons for such selective 
multiplication in tissues, arc largely obscure, 
though they may be related to the presence in tis- 
sues of substances that may selectively hinder or 
favour their multiplication. 


Bacterial ap pendage s: Capsulated bacteria such 
as pneumococci, K. pneumoniae and H. influ- 
enzae are not readily phagocytosed. Some bacte- 
rial surface antigens such as the Vi antigen of 
5. typhi, K antigens of E. coli also help the bac- 
teria to withstand phagocytosis and the lytic 
activity of complement, i , 1 


Types of infectious dise ases, ^ ' . 

Infectious diseases may be localised or genera-'" 
lised. Localised infections may be superficial or 
deepseated. Generalised infection involves the 
spread of the infecting agent from the site of entry 
by contiguity, through tissue spaces or channels, 
‘along lymphatics or (through the bloodstream. 


ation of bacteria in the blood is known as 


Infecting dose: Successful infections require that yflacterac-mia. Transient bacteraemia is a frequent 

iiJr ev ' 


an adequate number of bacteria should gaii 
entry. The dosage may be estimated as the 
L minimum infecting dose (MIDI or minimum let hal 
dosef MLD) which are. respectively, the minimum 
number of bacteria -required to produce clinicdl 
evidence of infection or death in a susceptible* 
animal under standard conditions. As, animals 
exhibit considerable individual variation in sus- 


event even m healthy individuals and may occur 
during chewing, brushing of teeth or straining at 
stools. The bacteria are immediately mopped up 
by phagocytic Cells 'and are unable to initiate 
infection. Bacteraemia of greater severity and 
longer duration is seen during generalised infec- 
tions as intyphoid fever. Septicaemia is the condi- 
tion where bacter ia circulate a nd multi pl y in the _ 
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blood, form toxic products and cause high, swing- 
ing type of fever. Pyaemia is a condition where 
pyogenic bacteria produce septi ca emia with mu l- 
ti ple abscesses in internal organs such as the 
spleen, liver and kidneys. 

Depending on the spread of infectious disease 
in the community they may be classified into dif- 
ferent types. Endemic diseases are those whic h 
are constantly prese nt m a~ particular area. 
Typhoid feverls endemic in m ost parts of India.- 
An epidemic diseasejs one that spreads rapidly, 
involving many persons in an area at the same 


time. Influenza causes annual winter epidemics 
in the cold countries. A pandemic is an epidemic 
that spreads through many areas of the world 
involving very large numbers of persons within a 
short period. I nfluenza, c holera, n la gue and enfe ro 
v iral conjunctivitis are pandemic diseases. Epidemics 
vary in the rapidity of spread. Waterborne diseases 
suc h as cholera and hepatitis may cause explosive 
outbreaks while dis eases whicHTspread by person 
to p erson conta cLevolY£- more slow ly. Such 
creefnmuQi smouldcrintuepid emic s, as of cere- 
brospinal fever, are termed proror/em/c disease. 


Mims C.A. 1987. The Pathogenesis of Infectious Disease. 3rd Edn London- Academic Press 
O' Grady, F. and Smith, H 1981. Microbial Perturbation of Host Defences, New York Academic Press. 
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Immunity 



The term ‘immunity’ refers to the resistance exhi- 
bited by the hosT towards injur y ta used by micro- 
organisms an dt heir product s.Trotection against 
infectious diseases is only one of the consequ- 
ences of the immune response, which in its 
entirety is concerned with the reaction of the 
body against any foreign antigen. 

Immunity against infectious diseases is of diffe- 


rent types: 


1 INNATE IMMUNITY 

{.a) Nonspecific ] 

(b) Specific J 

| Species 
> Racial 
Individual 

» ACQUIRED IMMUNITY 

Natural 

(a) Active 


f 

(b) Passive 

Artificial 

Natural 

Artificial 


I nnate or native immunity is the resistance to 
i nfections, which an individual possesses by vir- 
lue of his genetic and constitutional make-up. It 
doeiT not depend on prior Contact wiUTmicro- 
organisms or immunisation. It may be non- 
specific, when it indicates a degree of resistance 
to infections in general, or specific when resis- 
tance to a particular pathogen is concerned. 

Innate immunity may be considered at the 
level of the species, race or individual. Species 
immunity refers to the total or relative refractori- 


ness to a pathogen, shown by all members of a 
species. For instance , all human beings are totally' 
insusceptible to plant pathogens anti To many 
pathogens of animals such as rinderpest or dis- 
temper. This immunity is something a person 
obtains as a birthright, for the reason that he 
belongs to the human species. The mechanisms 
of species immunity are not clearly understood, 
but may be due to physiological and biochemical 
differences between the tissues of the different 
host species, which determine whether or not a 
p athogen can multi ply in them. An early insight 
into the basis of species immunity was gained by 
Pasteur’s experiments on anthrax in frogs, which 
are naturally resistant to the disease, but become 
susceptible when their body temperature is raised 
from 25°C to 35°C. 

Within a species, different races may show dif- 
ferences in susceptibility to infections. This is 
known as racial immunity, the classic example of 
which is the high resistance of Algerian sheep to 
anth rax. Such racial differences are known to be 
genetic in origin, and by selection and inbreed- 
ing, it is possible to develop, at will, races that pos- 
sess high degrees of resistance or susceptibility to 
various pathogens. It is difficult to demonstrate 
marked differences in immunity in human races, 
as controlled breeding is not '“possible in the 
human species. It has been reported thaUhe Neg- 
roes in the U.S.A. are more susceptible than the 

vitiated by external Influences such as differences 
in socioeconomic levels. An interesting instance 
of genetic resistance to Plasmodium falciparum 
malaria is seen in some parts of Africa and the 
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Mediterranean coast. A hereditary abnormality 
of re d cells ( sickl jng), prevalent in the area, con - 
fers Immunit yTO Infection bythe maiariarpa ra- 
site and may have evolved from the survival 
advantage conferred by it in a malarial environ- 
ment. 

The differences in innate immunity exhibited 
by different individuals in a race is known as indi- 
vidual immunity. The genetic basis of individual 
immunity is evident from studies on the incidence 
of infectious diseases in twins. It is we ll 
documented that homozygous twins exhibit si mi- 
I ar degrees of resistance or susceptibili ty to Iep- 
romatous leprosy and tuberculosis. Such correla- 
tion is not seen in heterozygous twins. 

Several factors influence the level of innate 
immunity in an individual: 

Age: The two extremes if life carry a h igher sus- 
ceptibilit y to infectious diseases as compared to 
adults. The fetus in utero is normally protected 
from mat ernal infect ion by the placental barrie r. 
But some pathogens cross this barrier causing 
overwhelming infections resulting in fetal death. 
Some, such a s rubella and cy tomegaloviruses and 
T oxoplasma gondi i, lead to congenital malforma- 
tions. The heightened susceptibility of th e fetus 
to infection is related to the im maturity of its 
immune apparatus Newborn animals are more 
suscepfibltTid experimental infections than older 
ones. Coxsac kie viruses cause fatal infection in 
s uckling mice but not in the adults] 

Increased susceptibility in the young may, in 
some instances, be due to hormonal influence. 
Tinea capitis caused by Shcrosporum audonini 
frequently undergoes spontaneous cure with the 
onset of puberty The susceptibility of the vaginal 
epithelium in prepubertal girls to gonococcal 
i nfectio n is another instance ot the etlect ot sex 
hormones on resistance. 

Old perso nsme highly susceptible to infections 
due to the gra dual waning of their immune 
responses*. 

Hormonal influences: Endocrine disorders such 

diabete s mellitus, hypothyroidism and adre- 


nal dysfunction are associated with an enhan- 
cetTsusceptibility to infections. The high inci- 
dence of staphylococcal sepsis in diabetes may 
be related to the-rn creased leyelof carboh ydra tes 
in tissues. , Corticosteroids exert ‘TfnTrrip ort a n t 
influence on the response to infection. They 
depress the host’s resistance by their anti-inflam- 
matory and antiphagocytic effects and by the sup- 
pression of antibody formation and hypersen- 
sitivity. They also have a beneficial effect in that 
they neutralise the harm ful effect of bacteria! 
products such as endotoxins. The elevated 
steroid level during pregnancy may have a rela- 
tion to the heightened susceptibility of pregnant 
women to many infections. The reported effect of 
stress, in increasing susceptibility to infections, 
may in some measure be due to the release of 
steroids. 

Nutrition. The interaction between malnutrition 
and immunity is complex, but in general, both 
humoral and cell mediated immune processes are 
reduced in' malnutrition Ceirmediated immune 
responses such as ihe Mantoux test become nega- 
tive in severe protein deficiency, as in Kwashior- 
kar Because of its wide prevalence, malnutrition 
may well be the commonest form of immuno- 
deficiency disease. 

Paradoxically, there is some evidence that cer- 
tain infections may not become clinicafly appa- 
rent in the severely ill nourished Malarial infec- 
tion in the famine stricken may not induce fever, 
but once their nutrition is improved, clinical 
malaria develops. It has also been reported that 
some viruses may not multiply in the tissues of 
severely malnourished individuals. • 

Mechanisms of innate immunity 

Epithelial surfaces. Th e intact skin and mucous 
membrane covering the body confer on it constd- 
erablc protectio n against invasion by micro- 
organisms. They provide much more than a 
mech anica l barrier . The healthy skin' possesses 
bacterici dal acti vity to which the presence of high 
concentration of salt in the drying sweat,' the 
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sebaceous se cretions and the long chain fatty 
Vcids and soaps contribute. When cultures of 
typhoid bacilli placed on the healthy skin and on a 
glass surface are sampled at intervals, the bac- 
, teria on the skin arc seen to be killed within 
minutes, while they survive for several hours on 
glass. The bactericidal activity of skin secretions 
is illustrated by the frequent mycotic and 
pyogenic infections seen in persons who immerse 
their hands in soapy water for long periods occu- 
pationally. 

Though ihe skin frees itself readily of bacteria 
deposited on it (transients), its reactions'are dif- 
ferent to the b acterial flo ra normally resident on 
it. Resident flora arc not easily removed even by 
washing and application of disinfectants. • 

The mucosa of the re spiratory tr act has severa l 
i nnaternJ chantsm sonieTen ^TTlurS-crvarchitcc- 
turc of the nose prevents entry of microorganisms 
to a large extent, the inhaled particles being 
arrested at or near the nasal orifices. Those that 
pass beyond are held by the mucus lining the 
epithelium, and are swept back to the pharynx 
where they tend to be swallowed or coughed out. 
The cough reflex is an important defen ce 
mechanism_Q f_the respiratory . tract. The cilia on 
the respiratory epithelial cells propel particles 
upwards. Nasal and respiratory secretions con- 
tain mucopolysaccharides capable of neutralising 
1 influenza and some other viruses, Particles that 
\ manage to reach the pulmonary alveoli are 
’ ingested by the phagocytic cells present there. 

' The mouth is constantly bathed in saliva which 
has an inhibitory effect on many microorganisms. 
Particles deposited in the mouth are swallowed 
and subjected to the action of the digestive juices. 
The high acidity of the stomach destroys most 
microorganisms. The pH becomes progressively 
alkaline from the duodenum to the ileum. The 
duodenum and proximal jejunum contain few 
bacteria. The ileum contains a rich and varied 
flora an'd in the large intestine, the bulk of the 
contents is composed of bacteria. The normal 
bacterial flora exert a protective effect by pre- 
venting colonisation by pathogenic bacteria that 
may gain entry. 


The intestinal mucosa is covered by a lace- like 
network of mucus. Particles get enmeshed in the 
mucus and form small masses which are propel- 
led by peristalsis. 

The conjunctiva is freed of foreign particles by 
the flushing action of lachrymal secretions. The 
eyes become susceptible to infection when lach- 
rymal secretions are absent. Tears contain the 
antibacterial substance lysozyme, first described 
by Fleming (1922). This is a thermolabile sub- 
stance producing lysis of some bacteria, and par- 
ticularly of a nonpathogenic coccus. Micrococcus 
lysodcikticus. Lysozyme is present in tissue fluids 
and in nearly all secretions except in cerebrospi- 
nal fluid, sweat and urine. It acts by splitting cer- 
tain polysaccharide components of the cell walls 
of susceptible bacteria. In the concentrations 
seen in tears and other secretions, lysozyme is 
active only against some nonpathogenic Gram 
positive bacteria. Its relevance in providing pro- 
tection against pathogens is, therefore, uncer- 
tain. Recently it has been found to occur in 
phagocytic cells, in concentrations high enough 
to be lethal to many pathogens. 

The flushing action of urine eliminates bacteria 
from the urethra. An antibacterial substance has 
been identified in the semen. The acidity of the 
adult vagina duefo the fenhentation of glycogen 
in the epithelial cells by the resident aciduric bacilli, 
renders it inhospitable for many pathogens. 

Antibacterial substances in blood and tissues: 
The complement system possesses bactericidal 
activity and plays an important role in the 
destruction of pathogenic bacteria that invade 
the blood and tissues. Pillemer (1954) described 
properdin, a euglobulin present in normal serum, 
which along with complement and Mg ++_ causes 
lysis of Gram negative bacteria. It also inactivates 
some viruses. Properdin has a molecular weight 
of more than a million and constitutes 0.02 per 
cent of serum proteins. Properdin is now consi- 
dered part of the antibacterial activity of the com- 
plement system. u i 

Several substances possessing antibacterial 
property have been described in blood and ti$- 
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Sues. These include 1) beta !ysin,*a relatively 
thermostable substance active against anthrax 
and related bacilli, 2) basic polypeptides such as 
leukins extracted from leucocytes and plakins 
from platelets, and 3) acidic substances such as 
lactic acid found in muscle tissue and’ in the 
inflammatory zones. An antibacterial substance, 
spermine, has been isolated from the kidneys. 
While these substances possess antibacterial 
properties demonstable experimentally, their 
relevance in the natural situation is not clearly 
understood. 

A method of defence against virus infections is 
the production of interferon by cells stimulated 
by live or killed viruses and certain other induc- 
ers. Interferon has been shown to be more impor- 
tant than specific antibodies in protection against 
and recovery from certain acute viral infections. 
Tissues and body secretions contain other antivi- 
ral substances such as inhibitors of viral 
hacmaggluiination and the virus inactivating 
agent (VIA). An antiviral substance has recently 
been identified in milk. 

Cellular factor in innate immunity: Natural 
defence against invasion of blood and tissues 
by microorganisms and other foreign particles is 
mediated to a large extent by phagocytic cells 
which ingest and destroy them. Phagocytic cells, 
originally discovered by Metchmkoff (1833), 
were classified by him into microphages and mac- 
rophages. Microphages arc polymorphonuclear 
Icucocjtes. Macrophages consist of the histiocytes 
which are the wandering amoeboid cells seen in 
tissues, ihff fixed re)/at)cerJdiPthe}jai cells end ihe 
monocytes of the blood. A major function of the 
reticuloendothelial system is the removal of 
foreign particles that enter the body. Phagocytic 
cells reach the sites of inflammation in large num- 
bers attracted by chemotactic substances and 
ingest particulate materials. Capsulated bacteria, 
such as pneumococci, are not readily phago- 
cytosed except in the presence of opsonins. They 
are more readily phagocytosed when trapped 
against a firm surface such as the alveolar wall. 


than when they arc free in the tissue fluids. 
Bacteria are phagocytosed into a vacuole (phago- 
some), which fuses with the lysosomes found in 
the cell to form the phagolysosome. The bacteria 
are subjected to the action of the lytic enzymes in 
the phagolysosome and are destroyed. Some bac- 
teria, such as brucella and lepra bacilli, resist 
intracellular digestion and may actively multiply 
inside the phagocytic cells. Phagocytosis m such 
instances may actually help to disseminate infec- 
tions to different parts of the body. The impor- 
tance of phagocytosis in protection against infec- 
tion is evidenced by the enhanced susceptibility 
to infection seen either when the phagocytic cells 
are depleted, as in agranulocytosis, or when they 
are functionally deficient, as in chronic granulo- 
matous disease. 

Inflammation. Tissue injury or irritation initiated 
by the entry of pathogens or of other irritants 
leads to inflammation, which is an important, 
nonspecific mechanism of defence. The arterioles 
at the site constrict initially and then dilate lead- 
ing to an increased blood flow. There is a slowing 
of blood flow and margination of the leucocytes. 
They tend to be arranged peripherally. The 
polymorphonuclear leucocytes escape into the 
tissues by diapcdcsis and accumulate in large 
numbers, attracted by the chcmotuctic substances 
released at the site of injury. Microorganisms arc 
phagocytosed and destroyed. There is an out- 
pouring of plasma which helps to dilute the toxic 
products present. A fibrin barrier is laid, serving 
to wall off the site of infection. 

Fever: A rise of temperature following infection 
is a natural defence mechanism and helps not 
merely to accelerate physiological processes but 
may, in some cases, actually destroy the infecting 
pathogens. Therapeutic induction of fever was 
employed for destruction of Treponema pallidum 
in the tissues of syphilitic patients before pcnciltin 
became available. Fever stimulates the produc- 
tion of interferon and helps in recovery from 
virus infections. 
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Acquired immunity 


The resistance that an individual acquires during 
life is known as acouired immunity , as distinct 
from the inborn innate immunity. Acquired 
immunity is of two type s, active and passive . 
Active immunity i s the r esista nce developed by 
an individual as aresulipf an antigenic stimulu s. 
This involves t he active functioning of the per- 
son’s immune apparatus leading to th e-svnihesis 
of a ntibodies and/or the production of 
imm unologically active c ells. Active immunity 
sets in only after a latent period which is required 
for the Im munologic al machinery"^ be set in 
motion. D uring the development of "a ctive 
immunity, ther e is often a negative phase durin g 
whiclT the l evel of measurable immunity m ay 
actuall y be' lower than before the anti genic 
stimulus. This is du e to the antigen comb ining 
with ~any p r eexisting antibody and lo wering its 
level i n circulation . Once developed, the active 
immun ity is long lasting. Immu nity is d emonstra- 
ble for s everal year s, in some instanc es. If an indi- 
vidual who has been actively immunised agai nst 
an an tigen experien ces th e same antigen sub - 
sequently, the i mmune response occurs m ore 
quickly and abundantly than, during the fi rst 
encounter . This is know n as seconaury respons e. 
Besides the d evelopmenTof humora l and cellular 
im mun ity, active immunityis associatetTwith *im - 
munoiogical memory . Hus" implies t bat"the 
immu ne system'is'able t o r etain for long periods 
thej nemory at a prto Tsnagenic expos ure and to 
produ ce a secondary typ e of response wfien it 
meets with the same antigen again. - Active 
immun isation is more elective and confers b etter 
protectio n than passive immunisat ion I 

The resistance that is transmitted to a recipient 
in a ’ready-made * form is k nown as pa ssive 
immunity . Herethe recipient’s immune sys tem 
plays no active role. There is no antigenic sti- 
mulus;! i nstead, ^preformed antibotfic sZTare. 
administered. Ther e is no latent period in pas sive 
immunity, prot ection being effective immediate ly 
followjngpas sive immunisation. Th ere is jio 
negative phase. The immunity is transient, iast- 


Vjng usually for days or weeks, only till the passive' 
}y transmitted antibodies are inHatrotis etTa nd 
.eliminate d. N o secondary type res ponse occurs in 
passive immuni ty. In fact. passiVg~imTmmh y 


'diminishes in effect with repetition . When a 
foreign antibody is administ ered a second time, it 
is elimina ted more r a pidly tharOnitiall v. bollow- 
jng t he first injection of an an tibody, e.g. t immune 
ho rse serum , the elimination ts oniyby me tabolic 
break down, bu t during subsequent injections of 
horse serum, its elimination is much quicker as it 
combines with antibodies to horse serum that 
would have been produced following its initial 
injection. This factor of ‘immune elimination’ 
limits the usefulness of repeated passive immuni- 
sation. Passive immunisation is less effective and 
provides an immunity inferior to that produced 
by active immunisation. The main advantage of 
passive immunisation is that it is immediate in 
action and. therefore, can be employed when 
‘instant’ immunity is desired (Table 10. 1 ). 

Active immunity may be natural or artifical. 
Natural active immunity results from cither a 
clinical or inapparent infection with a parasite. A 
person who has recovered from an attack of 
measles develops natural active immunity. The 
large majority of adults in the developing coun- 
tries possess natural active immunity to polio- 
myelitis due to repeated inapparent infections 
with the polioviruses during childhood. Such 
immunity is usually longlasting. but the duration 
varies with the types of pathogen. The immunity 
is lifeiong following many viral diseases, such as 
chicken pox or measles. In some viral diseases, such 
as influenza or the common cold, the immunity 
appears to be shortlived. Influenza can recur in 
an individual after a few months or a year, but 
this is not so much due to lack of the immunising 
capacity of the virus as to its ability to undergo 
antigenic variation so that immunity following 
the first infection is not effective against the 
second infection due to an antigcnically novel 
virus. In common cold, the apparent lack of 
immunity is be'causc the same clinical picture Can 
be caused by infection with a 'large number of 
different viruses. The immunity following baete- 
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TABLE 10.1 

Comparison of active and passive immunity 


Active Immunity 


Passive Immunity 


r* _ Produced actively by the host's 
immune system 

2* Induced by infection or by 
contact with immunogens 
(vaccines, allergens, etc.) 

« 3 A fford s d urablc and effective 

protection . 

4 Immunity effective only after a 
lag period (time required for 
generation of antibodies) 

5 Immunological memory present, 
subsequent challenge more 
effective (booster effect) 


‘ Negative phase * may occur 
NqtapjJhcablc in immunt? - 
jcfioent hosts 


Received passively by the host. 
No participation by the host’s 
immune system. 

Conferred by introduction of 
readymade antibodies 

Protection transient and less 
effective 

Immunity effective immediately 


No immunological memory; 
subsequent administration of 
antibody less effective due to 
'immune elimination’ 

No negative phase 
Applicable in immunodcficicnt 
hosts 


(Note. Adoptive Immunity, effected by transfer of immunocompetent 
cells, shares the features of active and passive types of immunity 
It is discussed in Chapter 20 ) 


rial infection is generally less permanent than 
that following viral infections. Some, such as 
typhoid fever, induce durable protection. In 
syphilis, a special type of immunity known as 
‘premunition’ is seen. Here, the immunity to 
reinfection lasts only as long as the original infec- 
tion remains active. Once the disease is cured, 
the patient becomes susceptible to the spiro- 
chaete again. In chancroid, another venereal dis- 
ease, caused by Haemophilus ducreyi, there does 
not appear to be any effective immunity as the 
patient may develop lesions following reinfection 
even while the original infection is active. 

Artificial active immunity is the resistance 
induced by vaccines Vaccines are preparations 
oflive or killed microorganisms, or theirproducts 
used for immunisation. Examples of vaccines are 
| as follows; 

I BACTERIALi^CCINES 

a) Live “*--BCGiadubsrculosis 

b) Killed— TABioxen tericTev er 


II. VIRAL VACCINES 

a) Live- rOral poliomye litis 

b) Killed -cLSalk vaccine for poliomyelitis 
III DACT ERIAL PRO DUCTS 

ToxolBs for diphtheria and tetanus. 

Live vaccines initiate an infection without caus- 
ing any injury or disease. The immunity following 
live vaccine administration, therefore, parallels 
that following natural infection, though it maybe 
of a lower order. The immunity lasts for several 
years, but booster doses may be necessary. Live 
vaccines may be administered orally (as with 
Sabin vaccine for poliomyelitis) or parenterally 
(as with measles vaccine). Killed vaccines are 
generally less immunogenic than live vaccines 
and protection lasts only for a short period They 
have, therefore, to be administered repeatedly, 
generally at least two doses being required for the 
production of immunity. The first is known as the 
primary dose and the subsequent doses as boos- 
ter doses. Killed vaccines may be given orally 



(e^, Taborai vaccine for typhoid fever), but this 
route is generally not effective. Parenteral adminis- 
tration provides humoral antibody response, 
which may be improved by the additionof ‘adjuv- 
ants’ (e.g.. Aluminium phosphate adjuvant vac- 
cine for cholera). 

Natural passive immunity is the resistance pas- 
sively transferred from the mother to the baby. I n 
human infants, maternal antibodies are transmit- 
ted predominantly through the placenta while in 
animalssuch as pigs, transfer of antibodies occurs 
mainly orally through the colostrum. Human col- 
ostrum which is also rich in IgA antibodies and 
resistant to intestinal digestion, confers protec- 
tion to the neonate. The human fetus acquires 
some ability to synthesise antibodies (IgM) from 
about the twentieth week of life, but its 
immunological capacity is still inadequate at 
birth. It is only by about the age of three months 
that the infant acquires a satisfactory level of 
immunological independence. Maternal anti- 
bodies give passive protection against infectious 
diseases to the infant till then. Transport of 
antibodies across the placenta is an active process 
and, therefore, the concentration of antibody in 
the fetal blood may sometimes be higher than 
that seen in the mother. Protection so afforded 
will ordinarily be adequate against all the com- 
mon infectious diseases in the locality. It is for 
this reason that most paediatric infections are 
commoner after the age of three months, than in 
younger infants. By active immunisation of 
mothers, during pregnancy, it is possible to 
improve the quality of passive immunity in the 
infants. Immunisation of pregnant women with 
tetanus toxoid is recommended for this purpose 
in communities in which neonatal tetanus is 
common. 

Artificial passive immunity is the resistance 
passively transferred to a recipient by administra- 
tion of antibodies. The agents used for this pur- 
pose arc hyperimmune sera of animal or human 
origin, convalescent sera and pooled human 
gamma globulin. The oldest and the commonest 
method is to employ hyperimmune horse sera. 
These arc prepared by active hyperimmunisation 


in horses using the appropriate antigen. For 
example,' antitetanus serum (ATS) used for pas- 
sive immunisation against tetanus is prepared by 
administering a series of doses of tetanus toxoid 
to horses, bleeding them and separating the 
serum. The antibodies in the scrum are concen- 
trated and purified by fractionation and enzyme 
treatment. The preparation is standardised to 
contain an adequate number of units of antitoxin 
per ml. ATS is administered parenterally — sub- 
cutaneously for prophylaxis and intravenously 
for treatment. ATS administration provides an 
immediate supply of the antitoxin in the reci- 
pient’s circulation. As ATS is a foreign protein 
and liable to cause serious and even fatal hyper- 
sensitivity reactions, it should be administered 
only after prior testing for hypersensitivity. It is 
to eliminate the complication of hypersensitivity 
that human ATS is employed. This is prepared by 
hyperimmitnisation of human volunteers with 
tetanus toxoid. An additional advantage with 
human ATS is that the protection lasts longer, 
there being no immune elimination of the human 
globulins. 

Sera collected from patients convalescing from 
infectious diseases contain high levels of the 
specific antibody. Convalescent sera have been 
employed for passive immunisation against viral 
infections such as measles and rubella. Sera of 
healthy adults can be expected to contain 
antibodies against the infectious agents prevalent 
in the community. By pooling sera from a large 
number of adults in the community, the range of 
antibodies can be extended. The antibody frac- 
tion (gamma globulin) from such pooled sera is 
used for passive immunisation against common 
infectious diseases. The placenta provides a con- 
venient source for the preparation of human 
gamma globulin. The use of human scrum 
involves the risk of infectious hepatitis B and 
human immunodeficiency virus. 

Passive immunisation is indicated for providing 
immediate and temporary protection in a non- 
immune host, faced with the threat of an infec- 
tion, when there is insufficient time for active 
immunisation to take effect. It is also indicated 
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for treatment of infections. Passive immunisation 
may also be employed for the suppression of 
active immunity, when the latter may be injuri- 
ous. An example is the use of antilymphocyte 
serum for the suppression of lymphocytes in situ- 
ations such as transplant surgery when it is desired 
to suppress the immune responses towards the 
transplant. Another example is the use of Rh- 
immune globulin during delivery to prevent 
immune response to the Rhesus factor in Rh- 
negative women with Rh-positive babies. 

Sometimes, a combination of active and pas- 
sive methods of immunisation is employed simul- 
taneously. This is known as ‘combined immunisa- 
tion’. Ideally, whenever passive immunisation is 
employed for providing immediate protection, 
combined immunisation ts to be preferred, as in 
the protection of a nommmune individual with a 
tetanus-prone wound. The method is to inject 
ATS in one arm and the first dose of tetanus 
toxoid in the other This is followed by the full 
course of phased tetanus toxoid injections. ATS 
provides the protection necessary till the active 
immunity is able to take effect. 

A special type of immunisation is by injecting 
immunologically competent lymphocytes. This is 
known as ‘adoptive immunity’ and does not have 
general application. Instead of whole lympho- 
cytes, an extract of immunologically competent 
lymphocytes, known as the ‘transfer factor’, can 
be used. This is being attempted in the therapy of 
certain types of disease (e.g., lepromatous 
leprosy). 

Measurement of immunity 

The truly valid measurement of immunity is to 
test the resistance of an individual to a challenge 
by the pathogen. But this is not applicable since 
the challenge itself alters the state of immunity. 
It is, therefore, not possible to measure accu- 
rately the level of immunity in an individual. Esti- 
mates of immunity are generally made using large 
numbers of individuals by statistical methods. 

A simple method of testing immunity is to 


relate its level to some convenient indicator, such 
as demonstration of the specific antibody. But 
this is not always reliable as the immune response 
to a pathogen consists of the formation of anti- 
bodies to several antigens present in it. Such anti- 
bodies may be demonstrated by a variety of tech- 
niques such as agglutination, precipitation, com- 
plement fixation, haemaggl urination inhibition 
and neutralisation. In the absence of exact infor- 
mation as to which of the antigens of the patho- 
gen constitutes the ‘protective antigen,’ serological 
attempts to measure immunity are at best but 
approximations. In some instances, as in diph- 
theria where pathogenesis is due to a well defined 
antigen (the toxin), the level of immunity can be 
assayed by in vitro or in vivo (Schick test) methods. 
Where protection is associated with ceil mediated 
immunity, skin tests for delayed hypersensitivity 
afford an indication of immunity. 

Local immunity 

*ff5c concept of local immunity, proposed by Bes- 
redka (1919-24), has gained importance in the 
treatment of infections which are either localised 
or where it is operative in combating infection at 
the site of primary entry of the pathogen. In 
poliomyelitis, for instance, systemic immunity 
provided by active immunisation with the killed 
vaccine neutralises the virus when it enters the 
bloodstream. But it does not prevent multiplica- 
tion of the virus at the site of entry (the gut 
mucosa) and its faecal shedding. This is achieved 
by the local intestinal immunity acquired as a 
result of either natural infection or immunisation 
with the live oral vaccine. In influenza, immuni- 
sation with the killed vaccine elicits a humoral 
antibody response. But the antibody litre in 
respiratory secretions is often not high enough to 
prevent infection. Natural infection or the live 
virus vaccine administered intranasally provides 
local immunity. A special class of immunoglobu- 
lins (IgA) forms the major component of local 
immunity. 

One type of IgA antibody called secretory IgA 



is produced locally by plasma cells present on 
mucosal surfaces or in secretory glands. There 
appears to be a selective transport of such 
antibodies between the various mucosal surfaces 
and secretory glands. Thus, following intestinal 
exposure to an antigen, the specific IgA antibody 
and plasma cells forming such antibody can be 
demonstrated in breast milk. This indicates the 
existence of a common mucosal or secretory 
immune system. Besides providing local defence 
against microorganisms, the mucosal immune 
system may also be involved in handling various 
antigens that may come into contact with mucosal 
surfaces from the external environment or 
through food. 


{Imf immunity 


This refers to the overall level of immunity in a 
community and is relevant in the control of 
epidemic diseases. When a large proportion of 
individuals in a community (herd) are immune to 
a pathogen, the herd immunity to the pathogens 
is satisfactory. V^fien herd Immunity is low, 
epidemics are likely to occur on the introduction 
of a suitable pathogen, due to the presence of 
large numbers of susceptible individuals in the 
community. Eradication of communicable dis- 
eases depends on the development of a high level 
of herd immunity rather than in the development 
of high level of immunity in individuals^ 


Further Reading 
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An antigen has been defined as any substance 
which, when jntiaducctLnarc nterallv into th e 
body, stimulates the pr oduction of an antibody 
with which it reacts specifically and in an observa- 
ble manner. This traditional description of an 
antigen is no longer comprehensive enough in the 
light of current concepts about the immune res- 
ponse. Some antigens may not induce antibodies 
but may lead Jo ceil mediated immunity or im- 
munological tolerance 

The two attnbutesof antigenicity arc: l)induc- 
tion of anjmmune response (lmmunogcnicity), 
and 2) s pecific reaction with a ntibodies or^ctk, 
sitiscd c ells (i mmunological reactivity) . Based 
upon the ability of antigens to carry out these two 
functions, they may he classified into different 
types. A complete antieen is able to ind uce anti - 
body formation and produce a spec ific and 
o bservable reac tion ..with the a ntibody so pro- 
duced Haptens are substances which are incap - 
able of inducing antibody formaiio n bvjhcm- 
s elvcs. bul can reac t _ancuficalh_w till antibodies. 
(The term hapten is derived from Greek haptetn 
= to fasten). Hap[ens_ become immunogenic 
(capable of inducing antibodies) on comb ining 
with a larg er molecule carrier Haptens may be 
complex or simple; while complex. haptens can 
prccipit utc w uh.speciftc antibodies, simple hap- 
tens arc nonprecipitating. They can inhibit pre- 
cipitation of specific antibodies by the corres- 
ponding aniigen or complex hapten Comple x 
and s imple haptens have been d escribed as poly- 
valent and univale nt, respectively, since it is 
assumed i ha t_p_reci pilat io n. .jc q u i re*> jhejintigen 
to have two or more antibody combining sites 


The term proantigeti has been used to refer to low 
molecular weight substance s, such as picry l 
chlo ride nnd dinitroclilomhenzen e. which do not 
i nduce antibody forma t ion but cause delay ed 
hypersensitivity ( cell mediated immun ity) when 
applied on the skin. They appear to act by com- 
bining with autologous proteins. Ciyptantigcns 
a re antig enic determinants that may.nui bcaivail- 
able du ri ng ant igen-antibody_rcactions-because 
they are not termina l The term psctulo-crypi iinti- 
fU’it has been used to reler to antigcns~wliu 1i are 
not available for se rological reaction due tostcri c 
hindran ce as they arc hidden or huucdhonc.uli 
t he surtae e The s mallest unit of antigenn.it> is 
known_asjhe antigenic determinant (or epitope) . 
This is re presented by a small area on the antigen 
possessing a specific chemical structure and s tone 
(spatial) c onfiguratio n which determine the 
s pecificity of the antib ody ind uced and of th e 
scrologica^r eactio n Antigens p ossess a numb er 
of d eterminant groups or combining srie s. The 
determinant groups on protein antigens consist of 
pen ta- or he xapgp(ides and .on polysaccharides. 
of hex.-t sjechundes The determinant group has 
been estimated to have a size of around 2 5-34 A 
an d a molecular weight of abou t 4(1(M(KXL Large 
antigens carry many different types of antigenic 
detciminants, presenting an antigenic mosaic. 
Each type of determinant induces th e formation 
of a specific antibody 


Determinants of antigenicity 
A number of properties base been identified 



which make a substance antigenic, but the exact 
basis of antigenicity is still not clear. 

Size: Antigenicity bears a rehtionjoj'aolecular 
size. V ery iargej nolgcules^uch asJraemocvanins 
(M .W. 6.75 million ), are highly antigenic and 
pa nicles with low molecular weight (les s— than 
1 0,000) are nonantigenic or feebly so. Low 
molecular weight substances may be rendered 
antigenic bv adsprbjng them on large inert parti- 
cles such asg eglfl^^ nr kpniinJ 

)^mmical nature: Most naturally occurring anti- 
•pens are proteins nnd pnk Sacsharidcs. Ljpidsan d 
n ucleic acids are less antigenic, .T heir antigenicity > 
is enhanced by combination with npitems-Notall -i 
proteins arfcjhpwcwir, antigenic^A well known J 
gejalig jLhas been suggested that 

|n /romaiic radical l e ssen tia liofr 
'me n onantlg Hmcj ty of^ gdalifl- 
^tscribeti jcTthe_ab senc^-oHiromatic 









Susceptibilitty toitfs fie enzymes: Only subs tances 
w hich are metabolised and are susceptible to the 
a ction of tissue enzymes behave as antigens . 

Antigens introduced into the body are.degraded 
by_theJiostJmo_'fragments_of_appropriate size 
contai ning th e , anti genic determinants. Phago- 
_cytQsis.and i ntracellular enzymes appear to pl ay 
an essen tial rol e in breaking down antigens int o 
.i mnumrgif.nir i \uh.statmes msiisriyu i- 

hle to tissue enzymes suc h_as_nglmyieneJatex 
are not antigenic . Synthetic. polypeptides com- 
posed of D-aminoac i ds which arenot metabolised 
i n the body are not antig enic^while polypeptides 
consisting of L-ammoacids are antigenic. 

Foreignness: Only antigens which are ‘foreign* to 

the individual (non-self) induce an immune S*£ — 

response. The anima l body con tains-nuroerotts- Species specificity: Tissues of all individuals a 
.antigens which induce an im mune response n hen species contain species specific antigens. Th& re 
introduced into another individual or species^ An exists som e^ degree ol cr oss reaction betwe en 
ind jyidual does pm normally mppnt pn immrm e antigens from related^ species. This immunologi- 
re snonse-againsLhis own norm al conM i tuenf am i ~ ca * relationship parallels phylogenetic relatiq n . 


^^en- ' 

tact with them during the development of th e 
immune apparatus. Breakdown of this homeos tn- 
tic mechanism results in amoim rc nmisation .^ d 
autoimmune disease. 

In general, the antigenicity of a $ubstanc e ( s 
related to the degree of its foreignness! Antig ens ~ 
fro m other individuals of the same species are ) eq <; 
antigenic than those from other snecie s. Antigens 
from related specie s are lessantigenicthan th ps^ 
from distant species. - ~ 

/ ^ltigrnic The , basis of antlgfi rno * 

sp ecificity is stereochemical, a s was first demo n- | 
strated by Obermaverand Pic k an d confirmed hy , ' 
s ubsequent work by L andstein er. Using hapt ens 
s uch asaioxvl coupled w ith protejn Tit wassho ^T 
t hat antigenic s pe cificity is determine d ~by sir^nf " 
chemical groupings a nd e vgn by a single-acid r^ ! 
cal. The importance of the position of 
antigenic cteimninant group in the anti^ en 
motecule/Mis evidenced by the differences j n 
specifierfy in compounds with the group attached 
Kho, meta or pnrn jaositions. The influence 0 f 
spatial configuration of the determina nt grq n p 
was shn/n by differen cesjn_antigenic_$pecififriry 
ofjfearo, laevo an d meso isomers of substan ces 
$«£n as tartaric acid. 

Antigenic specificity is not absolute. Cr os s 
reacti ons can occur b etween anUgens_wh ich.b^g r 
■stHtyxich f.mical .smulnri.ti e.s Jn „snnu* JnxUuu^ 
apparent~ (:ross reaction sjmay actually be due to 
the sharing of identical antigenic determinants by 
different antigens. 

The specificity of natural tissue antigens of a n j. 
mals may be considered under different cate- 
gories as species, iso-, auto-, and or& nn 
specificities. 
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ships. Such i mmunological relationships betwe en 
specierspccihc antigens have been of assistance. 

specific antigens also have forensic applications in 


jiiTafSfXl si iwi 1 1 foi ■** * 


semi naL-stains. .Phylogenetic rel ationshi ps ar c 
r eflected in the extent o Lcrassjeaction between 
antigensjKyiuitffeienLspecies thaLcaussJjyper- 
scnsfijvhy An i ndmduaLAcnsitised to horse 
scrum will react with scrum from othcr.cquincs. 
buLma y. n n t doMiwj t h b ovine serum . 


Ijftspeuftaiy : Jsonntigens .ire antigens found 
in some hut not all members of a species . A 
Species mav he grouped depending on thc_prc-J 
sence of different, isoaotigcps in its members 


capsule) are not recognised as se l f-antigens . Simi- 
larly, antige ns that are abse nL_xUinnu— the 
embryonic life an d dcwlopJatsy (such Jis the 
sperm) are also not reco gnised as self-antigens. 


as for instance following injury to the lens or 
damage to the testis, antibodies arc produced 
against them. This is -one mechanism in the 
pathogenesis of autoimmune diseases. The 
antigenic specificity of self-antigens may undergo 
minor modification as a result of infections or 
irradiation and may thus become immunogenic. 
The immune response so induced may lead to 

E '— ‘“immune disease. Autoimmune processes 
also be set in motion by the failure of 
eostatic control of immune function 


erythrocyte antigens based on which individuals 
can be classified into different blood : 


These are genetically determine 


Organ specificity: Some organs, su ch as the brain. . 
kidney and lens protein of different Species, share 



■are-an lr- qClcrQphilc.antigcns The best known example of 
fHumnn leucocyte antigen) such hcterophile antigen is theiorssman 


system The major histocompatibility svstcm . is which is a lipid car b ohydrate complex-wid elv-dis- 
desig nated H-.2 in_mice. AgB in rats and B i n tnbuted in man , animal s, b irds. p laots_iincLbac- 
fowls .Jena. Other hetcrtTphifc antieftris are'responsih le 

^v^> for some diagnostic serological reactions nmhich 
Aiitospearicttv Autologous or self-antigens are antigens tinrele a ted to aetiolog icaLagenl s are 
( ordinarily nonantteenic. but ther e are excep- employed (hcterophile reaction). T h e Weil-F chx 
y tions . Sequestrated antigehs that are not nor- reacti on in typhus feve r. Paul Bunne lt cst in infcc- 
mnllv .f mm il-tree in circulation or tissue fluids turns mononucleos is and cold agglutinin test in 
fj uifh as lens p ro tein norm ally crmfinpri-wuihia-its primary atypical pneumonia arc examples. 
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ANTIBODIES - IMMUNOGLOBULINS 


These intrachain disulphide bonds form loops in 
the peptide chain and each of the loops is com- 
pactly folded to form a globular domain, and each 
domain has its separate function. The variable 
region domains, Vl and V|j, are responsible for 
the formation of a specific antigen binding site. 
The CH2 region in IgG bindsCj^jn the classical 
complemefit^q uenc g5nd!CH3jlojn ainlTiedia tcs 
adherence to the monocyte surface. The area of 
the H chain in the C region between theXirst and" 


cjSW • 

m 


IgM molecule. 1. heavy chain 2 . light, 
sf 


i horn . It is not synthesised by the fetus in am sig- 
nificant amount. IgG binds to microorgjni\nis 
and enhances their phagocytosis. Extracellular 
killing of target cells'eoatcU with IgG antibody |«, 
mediated through re cognition of the sur face }\ 
fra gment by K celK ^tVcari ng the appro pri^^ 
rec eptors. Interaction of IgG complexes vvnh 
platelet Tc receptors probably leads to aggre ga- 
tion an d va soactive amine released IgG alo n e. 
among the human immunoglobulins, has- the 
p roperty offixing itself to guinea pig skin but the 
‘significance ot such a property is not known! I^o 
participates in most immunological reactions 
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f into the bile- IgA is selectively concentrated in 

secretions and on mucus su rtageslioimih g an ‘an- 
c^>UbQdy_pasUilimd isbelieved to play an important 
role m j oeaf immunity against r esoiratorv and 
int estinal pathog ens. Secretory IgA is relatively 
resistant to di gestive enzfrm es and r educin g 
agents. I gA antificxnes’mayTunction by i nhibiting 
the adherence of microorganisms to the surface 


th ereby ~prevenUng their entry into body tissues . 
IgTT does'~noTjjx_ complement but can ~actj- 
vaie the al ternate complement pathwa y. It pro- 
«5s ph agocytosi s and int racellular killin g of 
micr oorganisms . 

Two IgA subclasses have been described, IgAj 
and IgA;./lgA^l dcks interchain disulphide bon ds 
between heOVy'and light chains. Though IgA 2 is a 
minor component of serum IgA, i t is the dom i- 
nant form in the secretions. _ * \ 


fc/gMff lgM constitutes 5-8 per cent of serum 
immunbglobulins, with a normal level of 0.5-2 


mgperml. It has a half life of about five flays . It is 
a heavy* 


he avy molec ule (1 9S;_ M.W. 900,000 to 
1,000,000, hence' called ‘the m illionaire mole - 
cule*). IgM molecules are polymers of five, four- 
p epnde subunit s, each .bearing an extra CH 
domain . As with Ig/^Tpolymerisation of the sub- 
units depends upon the pres ence of the J chain . 
Though the theoretical valency is ten, this is 
observed only with s mall hapten s. With larger 
antigens, the effective valency f alls to five , proba- 
.h*?’ .she* vts' A te.sir .h iudianne . .Msy;* v <R0,ofi r 

cent) is i ntravascular in distribution. Phylogeneti- 
catly, IgM Ss the oddest immunoglobulin class . It 
is also the e arliest immunoglobifTm t o besvnthe- 
sised by the fetus, beginning by abou t 20 week s of 
age. As it is not transported across the plac enta, 
the presence o f IgM i n the fetus or newborn indi- 
cates intrauterine" infection and its detection is 


useful in the diagnosis of c ongenital syphilis. 
rubella and toxo plasmo sis. IgM antibodies are 
relatively shoriTTvedT msappearing earlier than 
TgG. Hence, u their demonstration in se rum indi- . 
cates recent infection. Treatment of serum with * 
O.TZfvf ?-rnercaptoethanol selectively destroys/ 


IgM without affecting IgG antibodies. This pro- 
vides a simple method for the differential estima- 


tion of IgG andlgM antibodies. 

linirisYani 


nt mucosal cells h y covering the organisms and 
ilwprevenUngt 


The isohaemagglutinifjs (a nti-A , anti-B ) an£ j 
many other natural antibodie s tamicroorgani srns 
are u sually Ig MTa ntibodies to/typhoid *Q* anti- 
gen (endotoxm jftnd WR antibodies in syph ilis 
also tend to be found in this class. 

Preliminary studies, by pe ptide mappin g an d 
co mplement fixing activi ty, indicate the existence 
oTut I das; two subclasse s oTlgM, IgM, and I^M„ 
characterised by p., and p. 2 H .chain s, respectively^ 
The u nique structural features of IgM appear to 
be particularly suited for the biological rol e G f 


providing protection a gainst microorgani sms^^ 
oth erTarge antig ens mat have repeating anfig en ic 
detefimnants on their surface. A single mole^ fe ? 
of IgM can bring about i mmune haemolyj^ ) 
whereas 1 000 IgG molecules are required for the^ 
same effect. IgM is also 500-1000 tim es rr\ ore 
effective than IgG in o psomsation , a 100 ti me* 
more effective in b actericidal action and about 20 
ti mes in bacterial agglutination. But in ncuthjfi-7 
s ation of toxins and viruses , it is l ess active than 4 
IgG. B eing largely confined to the intravascular 
space, IgM is believed to be responsible for p ro . 
tection against blood invasion by microor- 
ganisms. IgM deficiency is often associated \v,th 
septicaemias. 


hj IgD r esembles IgG s tructurally. It is p re - 
"sent in a concentration of abou t 3 mg per 10Q m l 
A* .bar 

life of about t hree days. I gD and IgM occur on the 
s urface of unstimulated B lymphocytes and se rve 
as recogniti on receptors for antigens . Combina- 
tion of cell membrane-bound IgD or IgM vvith 
the corresponding antigen leads to specific stiim i- 
lation o f the B cel l — either activatio n and clon- 
ing to pro d uce antibody, or suppression. 'ITvo 
subclasses IgD, and IgD, have bec'n described. 


IgE: This immunoglobulin was discovered j n 
1966 by I shizaka during the investigation Q f 
ft topic reagih antibodies. It is an 8S molec u i e 
(M.W. about 190,000), vvith a half life of ab^m 
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two days . It resembl es IgG structu ra lly. I t exhibits 
un ique propertie s such as h eat lability (i nacti- 
va ted at 56°C in one hou r) andaffimtyforthe sur- 
face oT tissue cells (parti cularly mast ce lls) of the 
same species (homocytotropism). It mediates the 
? Prmismtz - Kustner r eaction. It is susceptible to 
mercaptoethanol. It does not pass the placental 
barrier or fix complement. It is mostly extravas- 
c ularin distributio n Normal serum contains only 
traces (a ( ew nanograms per m l), but greatly ele- 
vated' levels arc see n in atopic (Type 1 allergic) 
conditions such as as thma , hay lever and e czema 
Children living in in sanitary condit ions, with a 
h igh load of intestinal parasit es, have hi gh seru m 
l evels of IgE . ~ 

f IgE | is chiefly produced in the lini ngs ofj he 
res piratory and intestinal tra cts. 'Deficiency of 
. IglT has been inconstantly associated with IgA 
deficiency in individuals with impaired immunity 
whmjresent undue susceptibility to infection 
MgE/is responsible for the a naphylactic type o f 
hypersensitivit y. But apart from this undesirable 
effect, ntTbencficial function of the antibody has 
so far been identified. It has been suggested that 
it may play some as yet unidentified role in the 

From available information on the functional 
significance of the immunogl obulin class es, it 
appea rs that IgG protects the ( body fluids^ IgA 
the (body surfaccs ^and IgM the b loodstream, 
whilcIgbnic Uiatesreaginic hypersens itivity. The 
role ol IgD is unknown. 


' Abnormal immunoglobulins 


globulins an d. so may._occur. a$_lhe-Arwnf or 
fambdajar ms. But in a ny one patient, the chnink 
cither kappa ot lambda o nly, ami never both,' 
being uniform in all other respects also. This is 
because myeloma is a plasma cell dyscrasiu in 
which the re is unchecked p roli feration of jme 
clone ofplasma cel ls, resulting in the excessiv e 
produciinn^of .ihc,.nariicularJnimu nogIohuni3 
s ynthe sis ed by t he clone. Such immunoglobulins 
a re, therefore . called monoclon al. 

- Multiple myeloma may affect plasma cells 
synthesising IgG, IgA. IgD or IgE Similar 
i nvolvement ot IgM-producmg cells is known as 
Waldenstrom’s macroglohulinaemia . In this con- 
dition, there occurs excessive production of the 


t heir light chains (Bc nc c-Jones proteins) Adif- 
ferent disorder is found in ‘heavy chai n disease *. 

o ver-production of the Fc par ts of immunoglobu- 
lin Heavy chains . 

Cryoglobnlinacmia i s a condition in which 
there is the for mation of a gel or a precipitate o n 
cooling the serum, which redissolves on warm- 
ing. It may not always be associated with disease, 
but is often found in myelomas, macroglobu- 
I maemias and autoimmune conditipns_such as 
systemic lupus erythematosus Most cryoglobu- 
lins consists of cither IgG, IgM or their mixed 
precipitates. 

Because of the monoclonal nature of Bence- 
Jones and other M proteins, they have been val- 
uable models for the understanding of immuno- 
globulin structure and function. 


Apart from antibodies, other structurally similar 
proteins arc seen in serum in many pathological 
processes, and even sometimes in healthy per- 
sons. The earliest description of an abnormal 
immunoglobulin was the discovery by Bence- 
Jones (1847) of the protein that bears his name. 
Bcncc-Jones protein is found typically i n multiple 
myeloma It can be i dentified In uri ne by its 
characteristic property of coagulat in g whe n 
h eated to 60X . but redissolving at 8(PC. Bence- • 
Jones proteins are the light chains of immuno- 


Immunoglobulin specificities 


-V 


The immunoglobulin specificity of.the greatest 
biological importance is immunological specific- 
ity. As already indicated, this is dctejmlned by 
the aminoacid sequences on the variable regions 
ofthe H and L chains. _ 

Immunoglobulins exhibit other genetically 
determined specificities based on their antigenic 
structure. The antigenic specificities which dis- 
tinguish between the different classes and sub- 
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classes of immunoglobulins present in all norma! 
individuals of a given species are termed isotypic 
specificities. Antigenic specificities which distin- 
guish immunoglobulins of the same class, bet- 
ween different groups of individuals in the same 
species, are called allotypic specificities. 

Antigenic specificity exclusive to each immuno- 
globulin molecule is called the idiotype. Idiotypic 
determinants arc located at the hypervariable 
regions of the molecule, which constitute the 
antigen-combining sites. Auto-anti-idiotypic 
antibodies occur naturally to immunoglobulin 
molecules produced in the body and form the 
basis of Jeme’s network hypothesis of immuno- 
regulation. 

Immunoglobulin allotypes have been studied 
in detail in the rabbit and guinea pig by using type 
specific immune sera. Such deliberate immunisa- 


tion is not possible in man, but anti-allotype 
specific antibodies may be produced following 
blood tranfusion or passage of maternal fgQ 
into the fetus. Anti-allotype antibodies are a i so 
found in sera carrying the ‘rheumatoid arthritis 
factor’. 

Two allotypic systems are known in man — the 
Gm system (for gamma marker) and the In V sys- 
tem (abbreviation of patient’s name) The Gm is 
associated with the Fc portion of the IgG heavy 
chain. More than 25 Gm types have been iden- 
tified so far. The InV system is associated with 
the kappa light chain. Three InV allotypes have 
been identified. 

Genetic markers associated with IgA are called 
‘Am’. To date, in the human system no allotypic 
markers have been found for k light chain or h 5 
or € heavy chains. _ 


Further Reading 

Goodman, JAV. 1987. Immunoglobulins. Chaps. 4 and 5 in Basic and Clinical Immunology. Stitcs. D.P ct at (eds) 1987, 6th 
Edn. Norwalk, Connecticut: Los Altos, California: Appleton and Lange. 

Lachmann.PJ and Peters, D.K. 1982. Clinical Aspects of Immunology (vol 1) Oxford: Blackwell. 

Roitt 1 M: 1988. Essential Immunology blh Edn Oxford. Blackwell. 
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Antigen-Antibody Reaction 




Antigens and antibodies, by definition, combine 
with each other specifically and in an observable 
manner The reactions -between antigens and 
antibodies serve several purposes. In the body, 
they form the basis of antibody mediated immun- 
ity in infcctiouT diseases, HT Of tissue mjury'in 
"some types of hypersensitivity and autoimmune 
disease s. In the laboratory, they help m the diag - 
nosis of infection s, in epidemiological surveys, in 
the - idcnliUsotion of infectious agents and of 
nonintectious antigens suui as CnzymesT In gen- 
eral, these reactions can be used for the detection 
a nd qua ntitation of cither antigens or antibodies. 
Antigeivantibody reactions i /m tiro a re known iis 
s erologjcal reactions. 

rfie r eactions betw een antigens and antibodie s 
occurfh [three stagcs^The primary stage is the ini- 
tial infcraction'hetwecn'ilu: two, without any vis- 
ible effects This reaction is rapid, occurs even at 
low temperatures and obeys the general laws of 
physical chemistry and thermodynamics. The 
reaction is reversible, the combination between 
antigen and antibody molecules being effected by 
the w eaker wAetmolccidat forces s.we h asYaodet 
Waal's forces, i onic bond s and hydrogen hon d- 
ingT rather than by the firmer covalent bonding. 
The primary reaction can be detected by estimat - 
in g free and bound ant igen or antibody’ sepa- 
ra tely in the reaction mixture^ by a number of 
"physical and chemical methods, including the use 
ot markers such as radi oactive iso topes, fluorcs- 


glutmation, lysis of cells, killing of live antigens, 
neutralisation of moti le organisms ami enhance- 
ment of phagocy tosis. When such reactions were 
discdveredonc by one, it was believed that a dif- 
ferent type of antibody was responsible for each 
type of reaction and the antibodies came to be 
designated by the reactions they were thought to 
produce Thus, the antibody causing agglutina- 
tion was called agglutinin, that causing precipita- 
tion precipitin, etc . and the corresponding anti- 
gen. agglutinogen, preci pitinoge n, etc. By the 
1920s, tfits'vlew was replaced hy Zinsser’s Unita- 
rian hypothe sis which held that an antigen gav e 
nsc to only one antibody, which was capable of 
producing all the different reactions dependin g 
op the nature of the antigen a nd the conditiomj if 
the reaction Both these extreme views are fal- 
lacious While it iv true tha t a singlca ntibody Can 
cause prec ipitat ion .jiggl pti nation and most of the 
other scrolog icaT rcactio ns~7t iv also true that an 
antigen cajistimulate the production of different 
classes of immunoglobulins which differ in their 
reaction capacities as^ well. as in othepproperlies 

(Table 15 U- 

Some antigen-antibody reactions occurring in 
\no initiate chain reactions that lead to neutral- 
isation or destruction of injurious antigens, or to 
tissue damage. These arc the tertiary reactions 
and include humoral immunity against infectious 
disease as well as clinical allergy and other 
immunological discuses. 


ce nt dye s or ferritin. . ~ 

In most instances, but not all , the primary stage 
is followed by the secondary stage leading to 
demonstrable events such as precipitation, ag- 


^ptfncral features of antigen-antibody reactions 

Antigen-antibody reactions have the following 
general characteristics: 
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TABLE 13 l 

Comparative cfflcicnc> of the immunoglobulin classes 
in different' serological rcaction^Cr"" 


Reaction 

IgG 

IgM 

' IgA 

Precipitation 

Strong 

Weak 

Variable 

Agglutination 

Weak 

Strong 

Moderate 

Complement fixation 

Strong 

Weak 

Negative 

Lyos 

Weak 

Strong 

Negative 


1. The r eaction i/spcctac^ a n antigen combining 
o nly mth its homologous antibo dy anti vice 
v ersa . ’1 he speciticitv . however, is not abso- 
lute and ‘cro ss reactions* may occur due to 
anti genic Mmif arit yor rejatedness. . 

2. Entir e molccule g^rcaG jmd not fraum 


aemen ls 


When jn a ntigenic determinan t p resent in 
l arge molecule or o n a •carrier' particle re acts 
\ \ Mhjb-anuhgdv. whole molecul es or particles 
arcQggluniy te d ^ 

3. There J ^nuilcnalinaunn o f the a ntigen or the 
a ntibody during flicTcaction. 7 “ 

4. The combination o ccurs at the surface. Thcre - 
forc. ir is' the surface antigens that are 
imm un ofotnc.itlv relevant- Antibodies to the 
surf ace antigens o f mfectiousltgcnts are gen- 
erally protective. ,/ 

5. Tlie c ombination isjtm»> but reversible. The 
firmness of (he union i s influenced TTy (he, 
affinuy and avidity of the reaction. Affinity 
refers to the intensit y of attraction between 
antigen and antibody molec ules. Am ditv is the 
strenuth of the bond after the formation of 
anti geivamiruniy complex es. 




Many methods arc available for the measurement 
of antigens and antibodies participating m the 
p rimar y, sec ondary or tertiary r eactions Mea- 
surement may be in terms of mass (c.g., mg Nitro- 
gen) or more commonly as units o r litre. The anti- 
body litre o f a scrum is the h ighest dilution ot the 
scrum which g ives an o bservable reaction with 
thVanticen in the pa rticular test The tttre of a 
scrum is in fluenced by the nature and quantity of 
the antigen and the type and conditions of the 

TwoTmportant parameters of serological tests j 


6. Both anti gens and antibodies participate in the 
formation ol agglutinates o r greet pi l atest 

7. Antigens and antibodies can combine in varv- 


are sensitivity and spectfia t^S ensdivttyj fefers to* 
the ability of the tesTTodetecl evert very minute 
quantities of a ntigen or antibody.’ When a test is 
highly sensitive , fals e negative resu lts will be 
absent or mini m a I fSpea full (vft efers to't he ability 
of the test to detect reactions between homolog- 
ous antigens an d antihodig s^only. and with no 
other, in a highly specific test, false positive reac- 
tions will be absent or minimal, fn general, sen- 
sitivity and specificity of a test will be in inverse* 
prop ortion. ~~ 


i niC proportions: untile che mic als with nxed 
valencie s. BoA anvgens' and antibodies are 
i TuTlitvalcnt . Antibodies arc generally hiva- 
IcflU though IgM molecules may have fiveoT 
t en combining si tes. Antigens m ay have valen- 
cies upto hundred s. 



b ody m the presenc e ol electrolytes (NaCll a t a 
-suitable temperature and pH. ib/'anogen-anti- 


• bo dy complex forms an insoluble rffiecipitaicT-; 
When instead of sedimenting, the precipitate 
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remains su spenclqtb^s flocculcs . the reaction is 
known as flocculation [ Precipitation can take 
place in li quid media or in gels such as agar, 

« agarose ot polyacrylamide . ~ 

The amount ol precipitate formed is greatly 
influenced by the relative proportions of antigens 
and antibodies. If to_ the s ame amount of anti - 
ser um in different tubes, increasing quantities of, 
antigens are added , precipitat ion will hpfonndiQ 
occur most rapidly and abundantly in one of the 
m iddle tu bes, in which the antigen and the an ti- ' 
body are present in opt' mjVorg q uiYalgnlpiopor - 
t mn. In the preceding tubes, in which the anti- 
*""Kody is in excess, and in the later tubes, in which 
the antigen is in excess, the precipitation will be 


.inf. irrespective of the quantity of the 


(po sLrone or zone of antigen excea £(Fig. 13.1) 
Th is is Called the zone plienonfcnon. Zoning 
oc curs in agglutination and sonitroilicT serdlo gi- 
c;dj;cjicti(MLs.;il^^nv^x^P_njr h of importan ce 
in clinical serology, as sometimes sera ricliml mtiE 
b ody may~gmTa tal»e negalh e-"precipit3tion or 
agglutination-result,' unless several dilutions are 
tested 

Mechanism of precipitation , 

MarracV; (\934) proposed the l attkcrnypothcs is 
to explain the mechanism of precipitation. 
According t o this concept, w hich is supported by 
co nsiderable - experimental evidence and i s now 
multivalent antigens combine 


with bi valent antibodies m varyin 
depending on 






II...I l-M 


(pro pone or zone of antibody excess), a pea k on ly in the zone of equivalence In thc zo nes o f 
(zone of equivalence) and a descending part antigen or antibody excess, the lattice does not 



lication in th 


, and j r 


testi ng for food adulterants. PrectpTIa 
tivefv fess sensitive for the q'efecfi'o 


WSm 


tion of toxins and toxoids. Serial dilutions of the 


toxin/toxoid are added to the tubes containing a 





a column of antiserum in a narrow tube. A pr c - The reaction is xisi 


cinitatc forms at the lunction ol the two liquid 







(( 

r*R 1 M echanism of precipitation *>> latticf lormanon . In A (annpen excess) and C (antibody excess), 
taltice loimjlion docs noiuccur. In II (?onct>i equivalence), lattice formal urn (and precipitation occurs 
optimally . The da r V. spheres mdicai e antigen and «hc <pmd Who atom antibodv molecules. 
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Fig 13 3 Different types of immunodiffusion- 1 Single diffusion in one dimension (Oudin) 
2 Double diffusion in one'dimension (Oakley^ uilhurpi ) 3. Radial immunodiffusion 
4 Double diffusion in two dimensions (Ouchterlony). showing reaction of identity (A), 
partial identity or rclalcdness (0). and lack of relatedness (C). The wells marked S contain 
antiserum and unmarked wells contain antigens 





Fig. 13 4 Immunoelectrophoresis. 

I . Semisohd agar tax ered on the gfoss slide . A well for anti- 
gen and o trough for antiserum cut out of agar. 2. Antigen 
well filled with human scrum. 3. Serum separated by elec- 
trophorcsts. 4. Antiserum trough filled with antiserum to 
whole human scrum 5. Serum and antiserum allowed to 
diffuse into agar. 6 Precipitin lines form for individual 
senim proteins 


EfUng ai 
FSiirmna 


4. Double diffusion in two dimensions (Ouchter- 


lonv procedure ); This is the immunodiffusion 


method most widely employed and helps to com- 


pare different antigens and antisera Tilreci 


el is poured on a slide an 


ate. The antiserum is placed in the 


1 and different antigens in the sur* 


r ounding w glls. Iftwoadiaeent anti g ens are iden - 
tical, the lines of prec ipnnte.fo nncd Hp hept wjll 
rtu^lTTh cu arc unrelated; the fines will cros s 
e agft other. Cross reacti'on Vr partial iden tity is 
i ndicated by spur tormatton Q-ig. jf,' “ 





















: i - .r : ; j f|j •• j/';;'. ' 
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le sions arc tested against tnc antiserum, precipi- This 

‘^liics can be seen within j ^ hWrs. The wjrthi n thirty minutes an 


ores is t ive than the standard double diffusion tec hni- 
and a positive ques. The clinical applications arc for detecting 



or normal and abnormal serum protein s 
(Fig. 13.4). 


AGGLUTINATION REACTION 



The development of prec ipiti n li nes _can_be 
s peeded up by electrically driving the antigen an d 
a ntibody. Variou s met hods have been describe d 
combining electrophoresis with diffusion. Of 
t hese, one dimensional double electroim - 
i hunodit'fusio'n (counterimmunoel ectro phorfcS is) 
and one dimensional single electroimmunodiff o- 
sion (ro cket electrophoresis) are used frequent ly 
in the ciinical laboratory. 

r~ ~ 

1. Cou nterimmunoclectrophatesis X -CI Encounter 
curre nt Immunoelectrophoresis): This involv es 
s imultaneous electrophoresis of the antigen and 


When a particulate antigen is mixed with its anti- 
bod yjn the presence of elec trolytes a t a suita ble 
te mperature and p H, the particles are clumped or 
ag glutinated. Agglutination. is more sensitive 
than" precipitation tor the detection of antibodies! 
T h~e"same pThtciplH~ggvenragglutinatidn" ‘and 
p recipitation . ~ A gglutination occur s optimally 
wh en antigens and antibodies react in equiv alent 
prop ortions. The zone phen omenon may be seen 
w hen' either an antibody or an amigerT’iV Tn^ 
e xcess. •Incomplete’ or ‘monovalent’ antib odies 
d p not cause agglu tination, though they combine 
wi th the ant'igelTnriigr'nray'act as -'Blocking ' 
a ntibodies, i nhi biting a ggl uti nat ion by the com- 
plete antibody added subsequent! y . 








ANTIGEN-ANTIBODY REACTION 


99 


Applications of agglutination reaction 

Slide agglutination: When a drop of the appr op- 
riat e antiserum is added to a smooth, u niform 
sus pension of a particulate a nti gen i n_a drop_of 
saline on a slide or a tile, a gglutination takes 
place. A positive result is indicated by the clump - 
i ng to g ether of the particles and the clearin g of 
the drop. Mi xing the antigen and t he antiserum 
v, j tha loop or by gently rocking the sKdeTaali- 
t ates the reaction. D e pending on the litre o fthc 
serum, ag glutin ati on may occur instantly or 
mthin scconds.~~Clumping o ccurring after a 
minute may be due to drying oflfie fluid and 
s hould foeT i isre parded. IT is essential to have o n 
1 he ja mc s lide a con trol consisting of the anti ge n 
s uspension in saline, without the a ntiserum, to 
e nsure that the antigen is not autoagglutinablc. 
Agglu tination^ usual lyvTsfhTe todhc naked eye , 
but mav~somctimes require conlirmatib n under 
the microscope. Slide a g glutination is a routine pr o- 
ced ure for the identication of many bacterial j sb- 
lates from c)ini cal~spedmcns7lt is also the metho d 
used for blood grouping and cross matching. 


Tube agglutination: This is a standard quantita- 
tive ntcthod_farjm^^r?m?nr~or^nnboaies. 
WHcn a fixed volu m e of~a pa rticulate antigen 
s uspension is added to an equal volu me of serial~ 
dilutions of an antiserum in test tubes, th e 
a gglutination titre of the serum can be estimate d. 
Tube agglutination is routinely employed for the 
s erological diagn osis of typhoid, brucellosis and 
t yphus fevers. 

the Widal test used in typhoid, two typ es of 
antigens are used, the ‘H* or the flagellar antigen 
and the O* or the somatic antigen of the typhoi d 
b acillus. The H a nti gen isaformohsed susp en- 
sion of the haallus a nd-on-combiaation-witli the 
antibody, forms large, loose, fluffy, dumps 
r ese mbl i n gT^pTor^llonwoolrCon icallJfe yc r's C 
t ubes are used for H agglutination. The Q antigen 
i sprepared by treating the bacterial suspension 
w ith alcohol. It forms tight, compact deposit s / 
re scmblmgcFalk powder. Round-bottomed Fe lix ft 
t ubes are used for Q a g glutination. A ggl utinate d 
b acilli spread out in a disc-like pattern at the bot- 
touLQflhelubes. 

The lube agglutination test for brucellosis may 


Precipitin 



Fig. 13 7 Laurcll's variant of rocket electrophoresis (Two dimensional Immunoelectrophoresis). First run. antigens are 
separated on the basis of electrophoretic mobility. The second run at right angles to the first drives the antigens into the 
antiserum containing get to form precipitation peaks. The area of the peak is proportional to the concentration of the antigen 
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be complicated by the pro7one phenomenon and 
the presence o f_‘blocking’— antibodies .^Several 
d i luuons of the serum sh oul d he tested to prev e n t 
fa lse negative results d ue to pro reme . Incomplete 
o r blocking antibodies jnaxbejdetcctedJiv doing 
the test in h voeitonicJS '%)-Saline_or_ albumin 
s aline, or more reliably by the antiglobu lin 
(C oombs') test. Incomplete antibodies are als o 
met with in sera con taining R h_a n ti hpdtcs. Ag- 
g lutination can gf tfi ri.be. obtaincdJLB It po.5it tve. 
er ythrocy tes, tr eated with proteoly tic enzyme s'* 
(pa pain, bro m elain), areusedasthegntigen. 

T he Weil-Fehx reaction for serodiagnosis o f 
ty phus' fevers is a hcleroph'iieagglut! nation tes t 
a nd is based on the sh a ring of a c ommon an tigen 
bet ween typhus rickctlisi a e and som e strains.of 
pi oteus hac illi._ Anothe r example o f tho-hett . 
ro nhile | .a^plutination jfcsi is ihcJStreptococ cu sJllC _ 

atypical pneumonia. 

Examples ol the agglutination tests using red 

cold agplutinatjpnj c.st The former is based on 
the a ppearance inthcs erajianfcctious-mono- 
nu cleosis patients, of agglutinin s to sheep eryth - 
rocyt es, which are adsorbed by diTrecT ceHsTni t 
not bv guin ea rig, kidney extract The cold 
aggl utination test is posmve in primary atypical 
pn eumonia The patients* ser a agglutinate 
h uman O group erythrocy te's at 4 8 CTtlic'aggluti- 
nation bein g reversible at a r C 1 

— ; 4 

</ 7 7ic iw»igfoP»hn (Coombs) test; Th e antiglobulin 
test was de vised by Coombs. Mourant and Race 
( 194 51 for the detection of anti-Rh antibodies tha t 
do not agglutinate Rh -positive erythrocytes in 
s aline. When sera containing incomplete hntbRh 
a ntibodies are mixed with Rh-positive red c ells, 
t he antibody globulin coats the surface of the 
crvthr ocvtes. though they are n ot a g glutinated. 
When such erythrocytes coated with the ant ibody 
gl obulin are washed free of all unattached prote in 
and_ treated with a rabbit antiserum against 
h uman gamma g lobulin (antiglobulin of Coom bs 
scrum), the cell\~aic agglutmated.~'l~his is tfie 
principle of ihcan liglobuhatesLfElg. 137BT * 


The Coombs test may be of the direct or the 
indirect type. In the direct Coombs tesUih &son— 
s itisation of the ery throcytes with incom plete 
antibodies takes place~m two, a s jntheJiaemoIy- 
t ic disease ot the newborn due to Rh incomp ati- 
bility. When the red cells of erythroblastot ic 
i nfants are washed free of unattached protein a nd 
then mixed with a drop o f Coombs seru m, 
agglutination results. hot-unknown reasons^ th e 
direct Coombs test is often negative in haemo ly- 
tic disease due to ABO incompatibility. ^ 

fn the indirect Coombs test, sensitisation o fred 
c ells with the anithody globulin is p erformed m 
vitro Originally employed for detection ofailti- 
Rh antibodies, the Coo mbrtebnrusefuTTor de- 
monstrating any type ot mcomplet5~Wft6~n ag- 
g TStinating antibody, as, lor e xample - , in brucel- 

Passive agglutination test ' The only diff erence 
between the requirements for the precipitat ion 
' and agglutination tests is jthc_phvsicaLnattire of 
t he antigen. By attaching soluble antigens to the 
surface of earner particles, it is possible to con - 
vert precipitation into agglutination Tests, 'whic h 
are'_more c o nvenient and more scn sitiv£_fo r 
detection of antibodies . Such tests are known as 
P assiye agglutination tests. 

T he earner particle s commonly used are red 
ce ljsT latex particIer~or benfonttemurnan or 
sheep er ythrocytes adsorb a variety of antigeipu 
P olysaccharide antigens may be adsorbed b )smih 
p ie mixing with the cells. For adsorption of pro - 
tein antigens, tanned red cells are use d! 

A special type of passive haemagglutination 
test is the Rose -Waaler tes t. In rheumatoid ar- 
thritis, an a‘moaniibouy~(KA factor) appears in 
the serum, which acts as an antibody to gamma 
globulin. The R A factor is able toa pplutinnt e red 
ce lls coated with globulins. The antigen use d for 
the^estis a .snspensionof sheeperythrocytes sen- 
sitised with a subag g lutinating dose of rabbit 
anlisheep erythrocvtC-antib odv (amboceptor). 

Polystyrene latex, which can be manufactured 
as uniform spheri cal part icles, 0.8 - l|x in dia- 
meter. can_ads5fb several types of~ antigens 
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-ig 13 S Aniiglobu hn (Coom!>.) teo R h posting cnihrotrie-. { I ) .ire mixed u«n 
incomplete jnuhodj fi) l tic jntitxxl) coats the cell' ( >1 hut being incomplete, 
cannot produce jgglutination On addition of jntiglobulm scrum (4) which is 
complete antibody to immunoglobulin agglutination t^ki \ p) ice 


Lat ex agglu tination tests (latex fi xation tests) ar e 
wid ely emp loyed in t he^clinicaTlaboratorv fo r 
detec tion ot hepatitis B. ASU, CRP, RA factor. 
HCG and man) olherantigen s. 

Pas sive agglutination tests are \ery sensitise 
and yie ld high titres. When instead of the an ti- 
gen. th e antibody is adsorbed to carrier particle s 
in tes ts for esti mat ion of antigens, the technique, 
is k nown as rexersed passive agglutination. 

^'COMPLEMENT FIXATION TESTS (CFT) 

C omplement takes part in many i mmun olog ical 
rea ctions and is absorbed during the combination 
of antigens with their antibodies. In the presence 
of the appropriate antibodies, complement lyses 


eryt hrocytes, kills and, in some cases, ly s es na c- 
teria, immobilises moji!e_ojganisms ^-promotes 
phagocytosis and immune adherence and contri- 


butes to tissu e damage in certain types of hyper- 
sensitiutv 

The ability of a ntigen-antibody complexes t o 
• fix' complement is made use of in the comple - 
ment fixation test (CFT). This is a xerv vers atile 
and sensitive test, applicable with various ty pes 
of antigens and antibodies and capable of detect - 
ing as little as 0.04 us of antibody nitrogen and 
0.1 oTantigen. CFT is a complex procedu re 
consisting of two step s and fixe reagents -^-anti - 
gen, antibody, complement, sheep erythrocyte s 
a nd amboceptor /rabbit antibody to sheep red 
c ells) . Each of these reagents has to be separately 
standardised. 

The antigen may be soluble or particulate. The 
antiserum should be heated at 5fi*C (inactivated) 


for half an hour heiore the test to uesiroy any 
complement activity the scrum may has e and als o 
to remove some nonspecific inhibitors of cnmple- 
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mem prev ent in some sera (nnlicom pl emcnta rs 
a ctivity), Th csource of complement is g ui nea pi p 
sc rum. As complement activity is heat ITTHiloTtTic 
s crum should be freshly drawn, or preserved 
e ither in Ihe lyophiltsed or frozen slate or with 
s pecial prcserv.ubcx. its i n jVich.irdson's me l hod 
T he guinea pie scrum should he titrated for com - 
plement activity. One unit p ini ijii am DLhac mill l- 
tt c close ( MH D ) of co mplc me n t is defin ed as th e 
h i ghest dilutionril 1 the guinea pii* scrum that Uses 
one unit sol tune otv. ashcdxhccpxry throcyiesm 
ll ic presence of excess of h acmoKsiuiamboccn- 
tor ) within a fixed time ( usu al ly 30 or. 60 m mutes) 
a t ajixcd temperature (37°C) The amboce ptor 
s hould he titrated for hjcm olvsin-jclivity-Qnc 
MHD of haemolysin is defined as the least 
amount (or highest dilution) of the inactivated 
amooce ptm-tfiul lyses one unit v olume of washe d 


two steps. In the first, the inactivated serum of 
th e_pnt?ent is incubated at 37 °C for one h our wQh. 
t he Wasscrmann antigen and a fixed a mount (two 
units) of guinea pig complement. If tl uTicrum 
c ontains syphilitic antibody, the com pl ement wil l 
be utilised during the antigen-anti E ody interac - 
tion. If the serum does not contain lfie~a ntibody. 
im antigen-antibody reaction occurs and, there- 
fore. the complement wilt be left intact Testing 
for complement in thepostTncubation miWure^ 
w ill, therefore, indicate whether the serum had 
antibodie s or not. This constit utesJhcIsecQnd 
st ep in tne test and consists of adding sens itised 
c elts (sheep erythrocytes co a ted w ith 4 M HD 
haemolysin), and incubating at 37°C_ for- 30 
minutes. Lysis~of~the e rythrocytes indicates that 
complement was not fiv ed-in the first step.and. 
t herefore, the scrum did not have the antibody 
{ery throcyte lysis 
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control to see that sensitised eryt hroc ytes do not 
u ndergo lysis in the absence of com plement. 

Indirect complement fixation test: Certain avian 
(c.g., duck, turkey, parrot) and mammalian 
(c,g, t horse, "catTscra do not Hk guinea p ig comple- 
me nt. When such sera are to be tested^ the ind i- 
re ct complement fixation test may be employed. 
He ro] the test is set in duplicate and af tgrthe'first 
st ep, the standard antiserurn T nown toTix com - 
pl ement is add ed to one set. If the tes t s crum com 
tai ned antT6od y 7~thc~a ntigen woukTha ve bee n 
u s c d~up in the first step arnTthcrcfore the sta n- 
da r da n t i se r u m added snhseque n tly jyoul d n oTbe 
able to fix complement . Therefore, in the indirec t 
t es t. liaeiliofysis indicates a posit i ve resu 1 t7~ 

Conglutinating complement absorption test: For 
systems whi ch do not fix guinea nig complement. 
an a lternatrfiTmcniod is the conglutinating com - 
pfement absorption test. 1 hts uses horse compie- 

te m~ir?ensitised sheep erythrocytes mixed with 
bovine serum. Bovine serum contains a be ta 
gl obulin componenfcallcd conglutinm, "which 
act sTas antibody to complement. The refore, cori- 
glutinin causes agglutination of sensitised sheep 
eryt hrocytes (conglutination) it they have com - 
- bin eV with complement. If the horse complem ent 
h ad been used by the antigen-antibody interac- 
tio n in the first step, agglutination o TsensitisetT 
cel ls will not occur? 

Other complement dependent serological tests: 
When some bacteria (e.g.. Vib rio cholerac. Tr e- 
pone ma pallidum ) react with the specific a nti- 
body i n the presence of comple ment and particu- 
late materials such as~erythrocytes o r platelets, 
the bac teria are aggregated and adhere to the 
cells. This is known as immune adherence. The 
im mobilisation tesT' is~ another com pfemebi 
depe ndent reaction. In the 'Trep onema pallidum 
immobili sation test*, which is aTTighly spectficTes t 
for i He serodiagnosis of syphilis, the lest serumT s 
mixed with a live motile suspension of T. pal- 
lidum \n thepresence of complement. Oh incuba- 
tion, the specific antibody inhibits the motility of 


the treponemes. Cytolytic or cytocidal tests also 
are complement dependent. When a suitable live 
bacterium, such as the cholera vibrio, is mixed 
with its antibody in the presence of complement, 
the bacterium is killed and lysed. This forms the 
basis of the vibriocidal antibody test for the mea- 
surement of anticholera antibodies. 

NEUTRALISATION TESTS 

Virus neutralisation tests; Neutralisation of vir- 
u ses by their antibodies c ar t be demonst r ated in 
various systems. Neutralisation of bacteriopha ges 
can be demonstrated by the plaque inhibit ion 
t est. When bacteriophages are seeded in appr o- 
priate dilution on lawn cultures of susceptible 
bacteria, plaques of lysis are produced. S peci fie 
anti phage scrum inhibits plaque formation . 
Neutralisation of animal viruses can be dem on- 
strated in three systems — animals, eggs a ntffis- 
sue culture, 

To xin neutralisation: Bacterial exotoxins are 
good antigens and induce the form ation ot neu t- 
ral ising antibodies (antitoxin s) whidLareJmpor- 
t anTclinicaflyJni protection against and recovery 
from diseases such as diphtheria and tetanus. Th e 
toxi city of endotoxins is not neutralised bv anti- 
sera^ 

Toxin neutralisation can be tested in vivo or in 
vitro. Neutralisation tests in animals consist of 
i njecting into them toxin-antitoxin mixtures and 
estima ting the least amount of antitoxin that pre- 
vents death or disease irrthe animal. With t(T c~ 
di phtheria toxin, which in small dosescauses a 
cutaneous reaction, neut ralisation tests can'be 
doneon the human skin. The Schick test is based 
on the ability of circulating antitoxin toneutralise 
the diphtheria toxin given lntradermalIy7~an tT 
i ndicates the immunity or susceptibilit y to the dis- 
ease. Toxin neutralisation in vitro depends o nthe 
i nhibition of some demonstrable toxic effect. A n 
example is the antistreptolysin O tes t, inwhich 
antitoxin present in patients’ sera neutralises the 
haemolytic activity of the streptococcal O 
haemolysin. 
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The name ‘opsonin’ was originally given by 
NVriglit (1903) to a heat labile substance prese nt 
i n fresh normal sera, wi nch facilitated phago- 
e vtosis. This factor was subsequently identified a s 
complement. A heat stable seru m factory ith 
s imilar activity was called •b actcriotropT n*. Th is 
ap pears to be specific antibody. The term o pso- 
nin is now genera lly used to r efer to bo th these 
f actors. Wright used the ‘opsonic in dex' to study 
t he Progres s of resist ance during thccourse. of 
dis eases. The opsonTcTndex was defined as th e 
rati p_o Lthe phagocytic activity of th e patie nts 
blo od for a given bactenum. to t he phagocytic 
act is ity of blood from a normal individual. It was 


measu red bv incubating fresh citratcd blood with 
th e bacterial suspension at 3TC for 15~mmu tc$ 
and esiirnnting iHe~aveF age nmtiber ofjrjiaga- 
c ytosedbactena per poIymorplTonudear leu co- 
c yte (phagocytic ind ex) from s tained blood films. 

1MMVNOFI EORFSCF.NCT, 

Fluorescence is the property of absorbing lig ht 
rays of on e, particula r uasclcngth amTemi tting 
rays with a different wave l ength. Flu orcscen t 
dves show up brightly u nder ultraviolet light as 
t hey convert ul travjolct-intO-VisiBltijiglii. Coons 
and his colleagues (1942) showed that fluorescent 
d yes can be conjugated toQmtibodics)ap d that 
such 'labelled' antibodies can be used to locate 



Fig 13 JO Immunofluorescence I Dift.it Test. Antigen (A) is mixed wiih fluorcucent- 
coniugjtcd antibody (D) The antigen antibody complex is fluorescent (C) 2 indirect 
test Antigen (A)is mixed i\ithanttltod\ (It) The antigen antihods complex (C)is treated 
with fluorescent lonjueuicd jirtiglobulin scrum (D) The finjl product is fluorescent (E) 



bacteria, viruses or other antigens, using the mine, exhibiting blue-green and orange-red 


spe cific antiserum labelled with a fluorescen t flu orescence, resp ect ively. B y combini ng the 
d ye. For example, direct immunofluorescence is s pecificity of serology with the localising capacity 
n ow routinely used as asensTtive me thod of diag- of histology, immunofluorescence helps in the 


antigens in brain smears. A disadvantage of this 




visualisation of antigen-ant ibody reactio ns 77? 
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gl obulin. The fluorescent c onjugate re acts wit h t erm binder-ligand assay has been used forj hese 
onemes. reactions The substance (antigenTwhose_con- 


■a msm. 
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u I traviolet illumination, the tre p onemes wil P 
seen as bright objects against a dark background, 
if t he test is positive. If the serum d oes not ha ve 
an tltreponemal amibody.There wilfbe no glo bu- 
lin cflal jng on the treponemes and, therefore , 
th ey will not take on the fluorescent conju g ate . A 
s ingle "antihuman globulin fluorescentconjug ate 
can be employed for detecting human antibody to 
a ny antigen (F ig. 13.10)! ~ * 

Fluorescent dyes may also be conjugated with 
complement. Labelled complement is a versatile 
tool and can be employed for the detection of 
antigen or antibody. Antigens also take fluores- 
cent labelling, but not as well as antibodies do. 
For detection of antibodies by immunofluores- 
cence, the ‘sandwich’ technique can be employed. 
The antibody is first allowed to react with 
unlabelied antigen, which is then treated with 




a ntibody) which binds to the ligand is called the 
hinder. The first reaction of this type was th e 
r adioimmunoassay ( RIA) described by Berson 
and Yallow i n 1959. RfA permits the mea sure^ 
mem ot ana!ytes~upto picopra m (10~ 12 g)q uan- 
tities. RIA and its modifications have versatile 
a pplications in va rious areas of~biology. and 
medicine, including the" quan titation of hor- 
mones. drugs, tumour m arkers, IgE and viral 
antigens. 1 he Importance of RIA was acknow- 
ledgetTbymXarding thc Nobel Prize for its discov - 
ery to Yallow m 1 T . 

' RIA is a competitive binding av>jy in which 
fixed amounts of antibody and radiotabclled anti- 
gen react in the presence of unl3bellcd antigen. 
The labelled and unlabelled antigens compete for 
the limited binding sites on the antibody. This 
competition is determined by the level of the 
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unlabelled (test) antigen present in the reacting 
system. After the reaction, the antigen is sepa - 
ra ted into the ’ftc e’ and .‘bound’ fractions and 
t heir radioactive counts measured. The concent* 
r ation of the test antigen can be calculated from 
t he ratio of the hound and total antigen labels , 
u sing a standard dose response curv e. 

F or any rea cting system, the" standard dose 
resporise or ccili imitirip ci trv'c li ; TsTo~b e~prep rfre~d 
f irst. This is done by running the reaction w i t h 
. fixed amounts of antibody and labelled a ntigen , 
and varying known amounts of u nlabe ll ed a nti- 
gen . The ratios of bound: total labe ls (B:T ratio) 
pi o tlpdTgmnst ihtT analyte concentrations "give 
the s5ndard_calihra tiDO_curvcTTTic^oncentra- 
tion of 3ntigen in the test sample is com puted 
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from the B:T ratio of the test by interpolation 
from the c al ibration curve. ' ' 

^ 7 ^ 

Kw%me-linkcd immunosorbent assay (ELISA) 

W 

This is a simple and ver satile technique, which is 
n early as sensitiv e as faclid ifn mtirioa'ssay . and 
needs only microlitre^q uantities of.tesLrPagents. 
ELISA has found app lication for the detection of 
a variety of antibodies and a ntig ens, such as hor- 
mones, toxins and virusesTrTie test may be done 
i n polystyrene tubes ( macro-EL l SA) or polyvinyl 
microtitre p lnles (micro-ELISA). T he principle 
o f The test for the dcte ctiomf jintigcns can be 
ill ustrated by outlini ng its applicationJor the 
detection of the rotavirus antigen in faeces. 
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Fig H II ELISA for detection of rotas irus in faeces, t Microassay plate coated with goat antibody to rotavirus (•) 
When faecal suspension is added and incubated rotavirus ft) if present, will mlsorb to the coated antibody. 3. 
After thorough washings add guinea pig antirotavirus antibody conjugated with alkaline phosphatase enzyme 
( Q ) If rotavirus is present the conjugate will complex with it 4 After washing add the substrate, paranitro- 
phenyl phosphate 5 If the enzyme conjugate is present, the substrate will be split to form yellow coloured pro- 
duct This indicates a positive lest In a negative lest there will be no colour formation 


S 



Fig 13 12 ELISA for HIV antibody in serum 1. Microassay plate coated with HIV antigerr(t) 2. Test serum 
is added and incubated Ami-H IV antibody ft) if present in the serum will attach to HI V antigen. 3. After uash- 
»ng, add go at annhuroan immune tlobuhtv _9irtihody eoniugated w ith horse serum peroxidase enzyme (a) The 
conjugate will attach Co anti-HI V antibody in a positive test. ■! After washing, add substrate OPD. 5. A coldifr ' 
develops In the positive test .while there will be no colour in a negative test 
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The wells of a microtitre plate are coated with and after 30 minutes, the colour that develops is 
goat antirotavirus antibody. After thoroug h read using a microassay plate reader at 492 n.m 
wa shing^ tHe faecal sa mples Jo. be_testedlare, positive and negative controls should invariably 
a dded and incubated overnight at 4°C o rlontwo be used with test sera (Fig. 13.12). 
hours at 37°C. Suitable positive and ne gat ive co n- Several variations of the ELISA technique 
trols are also put up. The wells ar_e _washed ancL have been developed to provide simple dtagnos- 
cuinea pig anttirotaviruS antiserum, labelled with tic tests, including card and dipstick methods suit- 
alkaline phosphatase, added and incubated at able for clinical laboratory and bedside applica- 
tor one pour. After washing',!) suita bl e sub - tjons. 
s trate (paranitrophenyl phosphate) is added jmd 

h eld at room temperature till the positiv e con- immunoelectronmicroscopic tests 
tro ls show the development of a yellow colour . 

The phosphatase enzyme splits the substrate to , Immunoelectronmicroscopy: When viral parti' 

yield a yellow compoun d., cles mixed with the specific antisera are observed 

"■“If the test sample contains rotavirus, it is under the electron microscope, they are seen to 
absorbed to the antibody coating the wells. When be clumped. This/indsapplication in the study of 
the enzy me labelled antibody is~3dd£d~su b- some viruses such as hepatitis A virus and the vjr- 
seq uently, it is in turn absorbed. The presence of uses causing diarrhoea, 
res idual enzyme activity. ind icat£d_bv_the 

de velopment of yellow colQ ur~_iherefore, Immunoferritin lest: Fe rritin fan electronde iKo 
de notes a positive test (Fig. 13.11). If th e sample, substance from horse spleen) can be conjugated 
is ne gative, there is no colour cha nge^ with antibody, and such labelled antibod y react - 

The detection of antibody by ELISA can be ing with an antigen can be visualised under the 
illustrated by the anti-HIV antibody test, electron microscope. 

Purified inactivated HIV antigen is absorbed 

onto microassay plate wells. Test serum diluted tmmunoenzyme test: Some stable enzymes, such 
in buffer is added to the well and incubated at as peroxidase, can be conjugated with antibodies. 
37 6 C for 30 minutes. The well is then thoroughly Tissue sections carrying the corresponding anti- 
washed. If the serum contains anti-HIV anti- gens are treated with peroxidase labelled anti- 
body, it will form a stable complex with the HIV sera. The peroxidase bound to the antigen can be 
antigen on the plate. A go at antihuman immuno-. N - visualised under the electron microscope, by 
gl obulin antibody co njugated with horse radish! micro-histochemical methods. Some other 
peroridzse enzyme :s added nnd incubated for 30 ' enzymes, such us glucose oxidase, phosphatases 
minutes. After thorough washing, the substrate and tyrosinase, may also be used in immunocn- 
O-phenylene diamine di hydrochlorid e is added v zyme tests. 
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The Complement System 


Th e term ‘complement' ( Cl _tefcrs-ta-j.-s\stcm role as a mediator and amplifier of many 
of factors "occurring in normal scrum... that a rc immune and inflammatory reactions recognised. 
activated characteristically fav antipen-^intihQdv WHte complement system belongs to the group 
interacnon^flmLsuhscrjuently-mediatejLnumber of biological effector mechanisms (called 


of biologically signific ant-go n sequences 

Towards the end of the 19th century, it was 
noticed that bactericidal, bacteriolytic and hae- 
molytic action of the appropriate antibodies 
required the participation of a heat labile com- 
ponent present in the normal sera of man and 
animals. Buchner (1889) was the first to observe 
that the bactericidal effect of scrum was des- 
troyed by heating at 55° C for one hour. 
Pfieffer (1894) discovered that cholera vibrios 
were lysed when injected intraperitoneally into 
specifically immunised guinea pigs (bacteriolysis 
m » ivo or Pfieffer’s phenomenon) Bordet ( 1895) 
extended these observations and established 
that immune bacteriolysis and haemolysis 
required two factors — the heat stable antibody 
and a heat labile factor, which was called 
alcxm e This term has been replaced by the 
present name complement which was coined 
by Ehrlich, because it complemented the action 
of antibody 

Bordet and Gengou (1901) described the com- 
plement fixation test, using the haemolytic indi- 
cator system, as a sensitive serological reaction. 
This found wide application, and the Wasscr- 
rnann complement fixation test for syphilis 
became one of the most popular serological 
tests. For the next half century, interest in 
complement remained confined to its use as a 
tool in serological reactions. Since then the 
structural and functional complexities of the 
Complement system have been defined and its 


triggered enzyme ca render) which also includes 
the coagulation, fibrinolytic and kinin systems. 

The complement system consists of at least 
20 chemically and immunologically distinct 
scrum proteins comprising the complement 
components, the properdin system and the 
control proteins 

Components of complement 

Complement is not a single substance, but a com- 
plex of nine different fractions called Cl to C9. 
The fraction Cl occurs in scrum as a calcium inn 
dependent complex, which on chelation with 
EOT A y lelds three protein subunits called Clq. r 
and s. Thus C is made up of a total of 1 1 different 
proteins. Complement fractions arc named Cl to 
C9 in the sequence of the cascading reaction, 
except that C4 comes after Cl . before C2. 

Complement constitutes 10-15 per cent of 
human serum globulins. Though some of its com- 
ponents arc heat stable. C as a whole is heat 
labile, undergoing spontaneous denaturation 
slowly at room temperature and in 3(1 minutes at 
56°C. Serum deprived of its C activity by heating 
at $6°C for 30 minutes is said to be ’inactivated'. 
C ordinarily does not combine with either free anti- 
gen or antibody, but only with antibody that has 
combined with its antigen. Not all classes of 
antibodies can fix complement. Th e C bind ing 
site is located pn the CH2 homology of the Fc 
portion of IgM and IgG (1,2 and 3) molecules 
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only, and iscxpressed only when the antibody has tersje. g., C3a, C3b). Inactivate forms of Ccom^y . 
combined with its antigen. ncmsare indicated by the suffix (f)(e.g., C4i). 

Complement is normally present in the body in Immune cytolysis.is initiated oy the binding of 
an inactive form, but wheh its activity is induced Cl to EA . The recognition unit of Cl is 
by antigen-antibody combination or other whichreacts with the t'c piece of bound leMnr 
stimuli, C components react in a specific sequ- mole cules. This, in turnTc'quemialtyactj. 
ence as a cascade. Basically, the C cascade is a Cates Cl r and s. The activated Cls (Cl) is a n 
senes of reactions in which the preceding compo- esterase which actson C4, splitting it into C4a 
nents act-as-enzyrne’rrnnhe succeeding compo- and b. of whicl^^joins the cascade. C14Kj n 
nents, cleaving them into dissimilar fragments, ., presence of magnesium ions cleaves C2. C2a. the 
The larger fragments usually join the cascade, larger fragment, rcmainsattachcd to (?44o form 
The smaller fragments which are released often C42 u hich is an enzyme known as C3 cd/n-ertg,^ 
possess biological effects which contribute to The o ther C2 fragmen t s ha\e kinln-like activ ity 7 
defence mechanisms by amplifying the raflam- and increase vascular permeability . C42 splits C3 
matory process, increasing vascular permeabil- into fragments, one of which (C3a) Has chcnto- 
ity, inducing smooth muscle contraction, causing tactic an*’ a naph ylatoxic properties. C3h joins the 
chemotaxis ofleucocytes; promoting virus neut- cascade. 0423 acts on C5. splitting it into the 
ralisation, detoxyfying endotoxins and effecting smaller CSa (anaphylatoxic and chemotactic) and 
the release of histamine from mast cells. the larger C5b. which joins the cascade. C6 and 

The C cascade can be triggered off by two C7 then join. A heat st able trimofccular com. . 
parallel but independent mechanisms or path- pl ex C567j s formed, some of which binds to 
ways which differ only in the initial steps Once the cell membrane and prepares it for lysis by C8 
C3 activation occurs, the subsequent steps are and C9 yyhigh join the reaction subsequently, 
common in both pathways, which have been cal- Most oTO67j:scapes and serves to amplify the 
led the classical C pathway and the alternative or reactionby absorbing to unsensitised ‘bystander’ 
propenhn pathway. cells tmef rendering them susceptible to lysis b\ 

' C8 and_C9 -The C567 complex which, remai ns 
Classical C pathway "unbound has chemotactic and leucocyte active- 

* — ' ‘ • ing properties The mechanism of lysis is byThe 

The chain of events in which C components react production of holes approximately 100 A m 
in a specific sequence, following activation by diametey on the cell membrane. This disrupts the 
antigen-antibody combination, amL tvpicnllv cut- osmotic integrity of the membrane, leading to the 
.w.wov.vnr .w .\wm\ivs\? .w obr xe.Ieose fifj.be contents otihe cell, 

classical C pathway. » . 

The model trjditi$[Qg]Jy used to explain C activity Alternati ve pathway of C pi I fcmC\ 
in immune cytolysis is the lysis of erythrocyte sen- 
sitised by its antibody. The erythrocyte (E)- antibody The central process in the complement cascade (S 

(A) complex is called EA and when C components the activation of C3. which is the major compo- 

are attached to EA, the product is called EAC.fol- nent of C. In the classical-pathway^ activation of 

lowed by the components that have reacted (e.g., C3 is achieved by tlu^3^niaif4£sc^C42-). 1 TT|£ 

EAC 14235 or EAC1-5). When a C component activation of C3.w j(nout_th c. prior participatio n 

acquires enzymatic or other demonstrable biologi- , * s know n as the ‘altenutis e pat hway , * 

cal activity, it is indicated by a bar over the compo- TTcTusTexam p Ico f s u c h ;itfcrTnrnsepT5Thw'-,j 

nent numbergsg., the enzymatically activated Cl was the demonstration by Pillcmcr ( 1954) of the 
is shown a'/CTrfragmentsdeased from C compo- \ | / %roperdin system ’ as a group of ser um prot cihs 
nents during the cascade are indicated by small let- cuntfiluitmg to antimicrobial defence without 
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requiring specific antibodies. The normal -serum _ 
protein properdin reacts with 3Miosany(a 
polysaccharide from yeast- cell wall) uTtheprc- 
sence of hfg* + to form a\PZ,\omplex which acti- 
vates C3 directly, withoutmfcctmg Cl, C4 and 
Cl. The properdin pathway also requires the par- 
ticipation of other serum /actors belonging to the 
•properdin'system* such 'av^actdr’A\( which has 
been identified as C3) and Factors B . 1 and H 
Another example is the anltcomplcmcntary 
activity of cobra venom , which, along with Factor 


B present in serum, acts directly on C 3. It has 
been found that some immunoglobulins that do 
not fix C ( IgA, an d pos sibly IgE ) are capable of 
activating the atternnrive pathway. Some of the 
interactions between C and other biologically 
active systems of the blood (such ns coagulation, 
fibrinolytic and kinm systems) may be mediated 
by the alternative pathway. 

Activation of the C system can be triggered in 
many other ways. The following arc examples: 

1 . C activated at a site- by antigen-antibody 


TABLE 14 l 

The Complement Cascade: Classical Pathway 


Components Reaction sequence 


Biological activity 
of released fragments 


E + A 

1 ■ 
->-EA 

I 


Mg*' 


(c2hX2i.oj ;mgik 




I ,. - a C3aa‘na 
\ ihcmota 


- increases Vdsci/Jar 

pcrmojbiluy 

' c. - ■ 

anaphylaioxm. 

ihcmotactic 


14b2^3b 



Initiates membrane 
damage 

-(C5.r aniphylatOYin. 
charvotictic 
(C567 sensilisauon of 
‘ •'bystander cells 
Prcparcsccll for 
lysis, increases 

sUvCCptthitrty to 

killer lymphocytes. 
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complexes may ‘spread* to other sites (contagion 
of C activation). The activated Cl mSy-^pfetnl 
from antibody to^qj^dy. Another mechanism 
is the ability of<C567jo rentier neighbouring ’by- 
stander’ cells resptmsive to l ysis by Q > and C9, a 
process known as ‘reasUvciysi S ’ \/Ay "’ r * 

2. Aggregated ant ibody molecMW/even in the 
absence of anti gen rctTTfbebrtv^-fts antigen-anti- 
body complexes and initiate C activity. Such 
aggregation may occur spontaneously at high 
immunoglobulin . concentrations or may' be 
induced by heating or treatment with a variety of 
chemicals (e.g.„ tannic ac id). Parti culate mate - 
rials, such as kaolin a nd latex, can a ggregate 
im m un ogfohirfrnTrTnhcir surfaces. O'nc acid cm- 
tals in gout y lesions may also cause such aggrecu- 
tion of i mmunoglobulins. 

3. Certa in substances other than immun o- 
globuli ns can activate Q. These include DNA. 
polyinosinic "acid and bacterial endotoxin*. 
Enzymatic activation of Cl can be effected by 
pla smin and tr ypsi n 

Regulation of C actuation 

The generally evanescent nature of the enzymes 
participating m the complement cascade acts as a 
built-in control mechanism preventing prolonged 
C activity. 

Normal serum contains natural i nhibitors of C 
which provide a homeostalie mechanism for the 
regulation of C activity A jicat labile alpha 
nc u ra m i no g 1 vert p m t ein . in scrum inbibits(ClJ 
as well as a number of other esterases 
found in plasma, such as plasmin . kminogen a nd 
activated Hag eman fa ctor. While tlusCl inhihi- 
lor does'noi prevemthc normal progress of the 
complement cascade, it exercises a check on its 
autocatalytic prolongation. Deficiency of the Cl 
inhibitor is associated with h ereditary 
angiooedema. , 

Another inhibitor/ prevents the prolonged 
action of£3ponv*rttise. A bet a globulin c alled 
•c onglu tmoecnactiCJnng facttfTXKAI-') provides 
a Immeosi.ulc control of-C 3 activation. purticu- 
ticularlv by the alternative pathway. The genetic 


absence of KAF leads to an immune deficiency 
state associated with exhaustion of C by the alter- 
native pathway. 

Human serum also contains an enzyme, the 
anaphylatoxin inactivator which destroys the 
biologic activities of C3a. C4a and C5a. Many 
other inhibitors of activated complement compo- 
nents have been described, but not adequately 
characterised. 

Biological effects of C 

Complement mediates immunological mem- 
brane damage (cy tolysis, bacteriolysis), amplifies 
the inflammatory response and participates in (he 
pathogenesis of certain- hy perse nsitiv ity reai> 
tions It exhibits antiviral activity and promotes 
phagocytosis and immune adherence. It also 
interacts with coagulation, fibrinolytic and 
kininogcnic systems of blood 

The classical C pathway results in bacteriolysis 
and cytolysis. Cells vary in their susceptibility to 
complement mediated lysis. Gram negative hac- _ 
t erra are generally sen sitiv e in J ms -i ihite J jrn ro 
positive cells are killed without lysis T he neut- 
ralisation of viruses under some conditions 
requires the participation of C. For example, 
neutralisation of herpes virus by IgM antibody 
requires the binding of Cl . C4 and possibly C3 

C fragments released during the cascade reac- 
tion help in amplifying the inflammatory 
response. C2 kinin s are vasoactive amines and 
increase capillary permeability C3a and C5a are 
anaphylatoxic (histamine releasing) and chemo- 
tactic. C567 is chcmotactic and also brings about 
reactive lysis. 

C participates in the cytotoxic ( Type 1 1) and 

tions. The destruction of erythrocytes, following 
incompatible transfusion and thrombocytopenia 
in se dormid purpura are examples of Type ff 
reactions. C contributes to the pathogenesis of 
ne phrotoxic neph ritis, though immunological 
kidney damage may occur in the absence of C 
also. C is required for the production of immune 
complex disease such as scrum sickness and 



112 


TEXTBOOK. OF MICROBIOLOGY 


Arthus reaction. Serum C components are 
decreased in many autoimmune diseases such as 
systemic lupus erythematosus and rheumatoid 
arthritis. C also plays a major role in the 
pathogenesis of autoimmune haemolytic anaemia, 
paroxysm al noctunwHtaeuioi’hitlinuria and here- 
ditary angioneurotic oedema. 

During the coagulation of blood. C3 is acti- 
vated. possibly by thrombin Platelets adhere to 
bound C3 and undergo lysis, releasing a platelet 
factor (PF3) which increases the consumption of 
prothrombin C6 also participates in the coagula- 
tion process, though the exact mechanism is not 
understood. 

Endotoxin is an efficient activator of the alter- 
native C pathway. In cndotoxic shock there is 
massiyg C3 fixatloiTTriTCr - platelet adherence. 
Largcscalc platelet lysis" and release of large 
amounts of platelet factor lead to disseminated 
intravascular coagulation and thrombocytopenia 
Gram negative septicaemias and the Dengue 
haemorrhagic, syndrome may have a similar 
pathogenesiv^Depletion of C protects against the 
Sdiw.irizman reaction 


such adherent particles are rapidly phago- 
cytosed. C3 and C4 are necessary for immune 
adherence. 

Bovine serum contains an unusual protein cal- 
led conglulinin (K) which causes clumpingof par- 
liclcs or cells coined with CV— a process known 
as conglutination Conglulinin reacts exclusively 
with bound C3. Though conglulinin behaves as 
an antibody to C, it is not an immunoglobulin and 
requires Ca ++ for its activity. Antibodies with 
conglutinin-hkc activity (immunoconglutinin, 
IK) can be produced by immunisation with com- 
plement-coated materials. They may also occur 
frequently in man and other mammals as autoan- 
nhodics to fixed C The litres of scram IK rise in 
conditions such as infections and autoimmune 
diseases associated with increased fixation of C in 
i7i o High IK levels hjve been noticed in the 
saliva and jejunal secretions. They arc IgA 
antibodies Their significance is not known 

There have been suggestions that C may play a 
role in the induction of the antibody response and 
of immune tolerance Information is insufficient 
on these aspects 


C bound to antigen-antibody complexes adhere 
to erythrocytes or to nonprimate platelets This 
re actum, called immune adheren ce, contributes 
to dcleiKc against pathogenic microorganisms as 


Quantitation of C and C components 
Complement activity of scrum is measured by 


i£. 


I ABU U2 
^romes associated with genetic deficiencies of 
complement components 


Croup 

Deficiency 

Syndrome 

1 

Cl inhibitor 

Hereditary angioneurotic 
oedema 

U 

Carty components of 
classical pathway 

CI.C2.C4 

SLE and other collagen- 
vascular diseases 

HI 

C3 and its regulatory protein 
Oh inactivator 

Severe recurrent pyogenic 
infections. 

IV 

CS to CN 

Uacteraemia. mainly wilh . * 
Gram negative diplocoeci, 
toxoplasmosi< 

V 

CV 

No particular disease. 


i 




THE COMPLEX! 
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estimating the highest dilution of serum lysing 
sheep erythrocytes sensitised by anti-erythrocytic 
antibody. Estimation of individual complement 
components also uses haemolytic activity in a sys- 
tem containing excess of all complement compo- 
nents except the one to be measured. C compo- 
nents can be quantitated also by radial immuno- 
diffusion in agar, but this method does not dif- 
ferentiate between active and inactive fractions. 


Biosynthesis of C 


<cT 


C components are synthesised in various sites in j 
the body, such as intestinal epithelium ( Cf ). mao- / 


ro phag es (C2^C4j , spleen (C5. C8)^nd liver I 

vn V 


CdT, C9). 1 he siteof synthesis of Cl/\ s not known 
Tlie mechanism that controls the synthesis of the / 
C components is not clear C is. to some extent. / 
an ‘acute phase substance’, and rise in C levels / 
(particularly C4 . C3 , C5 and C6) is observed dur- 
ing the ac ute phase of inflamm ation . I 


Deficiencies of the complement sj stem 


Complete or partial deficiencies of all the classi- 
cal complement components and several of die 


KWgf .b 
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C inhibitors have been described in man or ani- 
mals. Some are associated with severe diseases, 
while in others clinical manifestations arc 
sporadic. C deficie ncies result in the host hein o 
unable to efficiently climin ate.mi crohial an iirens 
or circulating immune complexes. ^Recurren t 
b acterial and fungal infpr.tinn s.nnd collagen dis- 
ea ses occur (Table 14.2). 

Deficiency of the Cl inhibitor is associated with 
hereditary angioneurotic oedema, a condition 
characterised by episodic angiooedema of I he 
subcutaneous tissues or of the mucosa of the 
respiratory or alimentary tracts. It may be fatal 
when the larynx and trachea are affected. The 
attack is precipitated by the local exhaustion of 
the reduced amount of the Cl inhibitor present, 
leading to the autocatalytic activation of Cl and 
the unrestrained breakdown of C4 and C2. The 
main mediator of the oedema appears to be the 
C2 kinin released . The attack may be treated by 
inf usion of fresh plasma as a source of the 
inhibitor. Prophylactic administra tion of epsilo n 
amino-cap roic-acid (or its a nalogues) is useful.' 
They are believed to inhibit the activatioirof 
plasma enzymes, thus'sparing the small amounts 
of the Cl inhibitorpresent. 


Spitzer, R E 1977 Immunobiology and Clinical Importance of the Complement System of Man Ad\ aners in Paediatrics, 
24:43 

Tappiencr.G I9S2 Oi-ease states m genetic complement deficicnc) !m i. Dtmtatologs 21 175 
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15 Structure and Functions of the 
Immune System 


T he lymphoreticular system is a complex organi- 
sation ol cells of diverse morphology distributed 
widely in different organs and tissues of the boil) 
i Ins system is respombj]e for specific immuni ty 
Lymphoreticular cells consist of lymphoid and 
reticuloendothelial components, with clearly 
demarcated functions. Thi ~f ymptrottfrcciT \ — 

‘ - arc p nmar Jly 

ttm sa ea auBg 

2JS" fo rming part of the 
^ctieutfym^ltieTm F^yatein. are •pifmanly-s‘«»\* 

jngcffctcJxlls^ml-fOfe^nTmrtielcs. They contri- 
bute to TWTrspecintHmmunity-hy removing mic- 
roorganisms from blood and tissues. They also 
play a role in specific immunity, both in the affe- 
rent and tn the efferent limbs of the immune 
response 

The functional anatomy of the lymphoid sys- 
tem can be appreciated only against the 
background of the ‘two component concept' of 
immunity The immune response to an antigen, 
whatever be Us nature , canbc_ot two broad types * 
— immunity 

(CMl). Humoral immunity is mediated by 
antibodies produced by plasma cells, while cellu- 
lar immunity is mediated directly by sensitised 
lymphocytes. Cells for each of these components 
develop through separate channels and remain 
independent, though they may also interact in 
some instances (Fig. 15.1). 

The lymphoid system consists of the lymphoid 


cells (lymphocytes and plasma cells) and lym- 
phoid organs Based on the different roles they 
perform, lymphoid organs can be classified into 
the central (primary) and the peripheral lym- 
phoid organs. The ccqJt.iI lymphoid organs are 
lymphoepilhclial structures invftich the precursor 
lymphocytes proliferate, develop and acquire 
immunological capability. The thymus and the 
bursa o.f Fabricius. in birds, arc primary lym- 
phoid organs, being responsible for the cellular 
and humoral immune responses," respectively. 
The equivalent of the avian bursa in mammals is 
the bone marrow. After acquiring immunocom- 
petence, the lymphocytes migrate along blood 
and lymph streams, accumulate in the peripheral 
lymphoid organs, and following antigenic stimu- 
lus, effect the appropriate immune response. The 
spleen and lymph nodes constitute the major 
peripheral lymphoid organs. Lymphoid tissues in 
the gut. lungs, liver and bone marrow and lym- 
phoid collections in the adventitious tissue of all 
organs also form part of the peripheral lymphoid 
system. r <>. ■ 


Central lymphoid organs 


Thymus • Hie thymus anldge develops /rom the 
epithelium of the third and fourth ph.irvnge.il 
pouches at about the 6th week rtfgesiation and by 
the 8th week, grows into a’ compact epitheli.il 
structure Mcsencliym.il stem cells* (precuisbrsof 
lymphocytes) from the yolk sac, 'fct.il liver and 
bone marrow reach the thymus and differentiate 
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into the thymic lymphoid cells (thymocytes). The 
thymus acquires its characteristic lymphoid 
appearance by the 3rd month of gestation. It is 
thus the first organ in all animal species to 
become predominantly lymphoid. In man, the 
thymus reaches its maximal relative size just pnor 
to birth. It continues to grow till about the 12th 
year. After puberty, it undergoes spontaneous 
progressive involution, indicating that it func- 
tions best in early life. 

The thymus is located behind the upper part of 
the sternum. Aberrant thymic tissues are often 
found in neighbouringsites. It has two lobes sur- 
rounded by a fibrous capsule. Septa arising from 
the capsule divide the gland into lobules which 
are differentiated into an outer cortex and an 
inner medulla. The cortex is crowded with 
actively proliferating small lymphocytes The 
medulla consists mainly of epithelial cells and 
scattered lymphocytes amidst which are the Has- 
sall's corpuscles, whorl-like aggregations of 
epithelial cells. 

Till recently, the thymus was an organ without 
any recognised function. The fortuitous observa- 
tions by Good (1954), of thymoma and impaired 
immunity in a patient, and by Miller (1961), of 


immunodeficiency in neonatally thymcctomi^ed 
mice, paved the way for the understanding of the 
pivotal role of the organ in the development 0 f 
cell mediated immunity. The primary function of 
the thymus is the production of thymic lympho- 
cytes. It is the major site for lymphocyte prolifer- 
ation in the body. But, of the lymphocytes pro- 
duced, only about one percent leave the thym u s. 
The rest are destroyed locally. The reason for this 
apparently wasteful process is not known. In the 
thymus, the lymphocytes acquire new surface 
antigens (Thy antigens). Lymphocytes produced 
in the thymus are called ‘thymus (T dependent) 
lymphocytes’ or l T cells’. Unlike lymphocyte pro- 
liferation in the peripheral organs, in\he thyi^us 
it is not dependent on antigenic stimulation. j n 
fact, peripheral antigenic stimuli do notjead to 
any immune response in the thymus. Antijj en 
introduced directly into tjiejtbymus may lead t 0 a 
local immune respojnsc. N 

The thvmus confers immunological conjpe- 
tence-on thejymphocytesduriog th eir sta y in the 
organ Prethymic lymphocytes arejtot immuhn- 
competent In the thymus they are ‘educate**’ 
that they become capable of mounting cell medi- 
ated immune response against appropriate attti- 
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form from one to another depending on the func- 
tional need of the moment. 

Lymphocytes: Lymphocytes are small, round 
cells found in peripheral blood, lymph, lymphoid 
organs and in many other tissues. In periphera l 
blood, they constitute 20-45 per "cent ot the 
lEUCCCyrc population. 'whne in lymph ami i>m- 
ph~oiu or^u istKey form tire predominant c ell 
type. ’EIuTicTf (1879) who introduced a staining 
feThniquc for blood cells described lymphocytes 
as nonmotile end cells with no recognisable func- 
tion. Lymphocytes are now recognised to be the 
major cellular elements responsible for immuno- 
logical responses. 

According to their size, lymphocytes can be 
classificcd into small (5-8 p), medium (8-12 p) 
and large (12-15p) lymphocytes. The small lym- 
phocytes arc the most numerous. They consist of 
a spherical nucleus with prominent nuc lear 
ch rdmtnm and a thin run of cytoplasm, contnin- 
m irScattercd ribosom es, but virtually devoid of 
endoplasmic reticulum or other organelles. They 
are capable of slow motility, and during move- 
ment assume a ‘ hand mirro r’ form, with the nuc- 
leus in front and the c> toplasm as a tail behind. 

Depending on their life span , they can be clas- 
sified as s hort-liv ed and long-lived lymphocytes 
In man, the short-lived lymphocyte!, have a life 
span of about pvo weeks, while the lo ng hve tfcells 
may last ior three years or more, or even for life . 
The short-lived lymphocytes are the eUccior 
cells Jn immune response, while the longdiyed 
cells act as the storehouse for immunological 
i pemor?p Th'J lu nu-11Vcdj‘ells_are mainly thvmu s 
dejivecT ~ ' 

Lymphopoiesis takes place in at least three 
sites — the bone marrow, central lymphoid 
organs and the peripheral lymphoid tissues. 
These populations of lymphocytes do not remain 
distinct, but mix together in the process known as 
’lymphocyte recirculation*. There is a constant 
traffic of lymphocytes through the blood, lymph, 
lymphatic organs and tissues. This recirculation 
ensures that, following introduction of antigen 
into any part of the body, lymphocytes of approp- 


riate specificity would reach the site during their 
ceaseless wandering and mount an immune 
response. Recirculating lymphocytes can be 
recruited by the lymphoid tissues whenever 
necessary. Recirculating lymphocytes are mainly 
T cells. B cells tend to be more sessile. Chronic 
thoracic duel drainage will therefore result in 
selective T cell depletion. 

A lymphocyte that has been ‘educated’ by the 
tcntral lymphoid organs becomes an ‘im- 
munologically competent cell 1 (ICC) Such cells, 
though not actually engaged in an immunological 
response, are nevertheless fully qualified to 
undertake such a responsibility when approp- 
riately stimulated by an antigen. They subserve 
the following functions — • recognition of anti* 
gens, storage of immunological memory, and 
immune response to specific antigens. Lympho- 
cytes have antigen recognition mechanisms on 
their surface, enabling each cell to recognise only 
one antigen, or probably a small number of anti- 
gens. The reaction of an immunocompetent cell 
to its specific antigen may be induction of either 
’tolerance’ or of immune response. The nature of 
immune response depends on whether the lym- 
phocyte is a B or T cell. Stimulated T cells pro- 
duce certain activation products (lymphokines) 
and induce CMI, while stimulated B cells divide 
and transform into plasma cells which synthesise 
immunoglobulins. 

Circulating lymphocytes can be classified as 
T and B cells b ased on the following feature s: 
i T cells hind to s h ee n~efyifrrocy tes at 37°C 
forming rosettes (5K BC ot.L. rosette) while 

B cells do not. N y , 

2. B cells hind to sheep erythrocytes coated-wjth 
antibody u-and- jcomplement * forming ^EAC ^\ 
rosettes ^ T dgfls do n ot. CAC rosette forffiaT 
tion is due"uT the presence of a Pre ce ptor on 
Bcell surface, a 

3. T cells have thymus specific antigens on their 
surface, which are absent on b ce f is 

4 B cells have immuno globulins on Their sur- 
‘ face. They also possess s urface ~receptors*f or 
their fragment of feG. They ar e absent ohT — 7 
cells, which have orf their surface UlJUffjbKjg;— '' 
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ous determinant called Ti which ts the antigen 
rccogniuon unit. 

5. T ccJK undergo^ blast trans formati on, evi- 
denced by enhanced DN A s> rtlhesis, on treat- 
ment with mrtogens sucb as pbytahuemag- 
glutimn (PHA) or Concanavalin A (Con_A). 
while B cells undergo similar Transformation 
with bacterial endot oxins . 

6. Viewed under the .scanning microscope, 
T cells are generally free of cytoplasmic surface 
projections, while B cells have an extensively 
filamentous surface, with numerous microvilli 
(Table IS l) 

T cells can he divided into different subpopuln • 
lions or subsets based on their functional capacity 
and on their surface antigenic determinants 
T u nationally, T cells may be classified as^eg- 
n/nmr c ell sand effector j : ells. Regulator T cells 
may be helper (m UucrTc cils or suppressor cells. 
Helper T cells facilitate B tell response to many 
antigens Suppressor T ceils inhibit antibody pro- 
duction by B celts and immune reactions by effec- 
tor T cells Immune response is regulated by 
mutually opposing influences of helper and sup- 
pressor T cells Their balanced activity produces 
optimal immune response Ovcractivity of helper 
cells or decreased suppressor cell activity causes 
abnormal immune responses as seen in autoim- 
munity Diminished helper eel! function or 


increased suppressor ceil activity leads to 
immunodeficiency. Helper cells constitute about 
6 5 pgr ce nt and suppressorceJIs abo ut 35 per c ent 
of circulating T lymphocytes. 

Effector cells may be cy totox ic cells, those 
m ediating delayed type hypersensitivity or tfidse 
which undcrgSTapid prolitcratronlrfriiixed lym- 
pho cyte reactivity (Tabled 5.2).-— — — 

“~T1ympffoc>'tcs can also'bc "differentiated into 
various subsets based "on' antigenic determinants 
present on their surface. Their surface antigens 
change -progressively during the course of th’cir 
maturation in the thymus and also with their 
functional differentiation. Monoclonal anti- 
bodies are used to identify the antigenic subsets 
of Teeth. 

The earliest lymphoid cells within the thymus, 
constituting about ID per cent of thymic lympho- 
cytes show Tl 1 antigen which is the sheep ery- 
throcyte (E orSRBC) rosette receptor present in 
all T cells. TlicJ!MlsBTarry p T<hsnd-T 10 which arc 
not exclusivTTTPlbnmigensrbeing presem-also 
on many bone marrow cellsrWUhTmUuration, 
they lose TV and acquire T6, T4 and T8 antigens. 
About 70 per cent of thymic lymphocytes are of 
this stage. On further maturation, they loseTb, 
acquire Tl, T3 and TI2 and segregate into the 
reciprocal T4 and T8 s ubset s. T4 is specific for 
hclperfmduccr and T8 for suppressoYfeytotoxic 




Some distinguishing characteristics otT celts. B cells and macropha ges. 


Property 


fiyiurfacc immunoglobulins 
ry; Receptor for Fc piece of IgG 
Va r-AC rmetlc (C3 rcccRtor) , 
S RBC rose tte __ 

(£Thj nms specific antigens 
(^Numerous micros itli. on surface 
^--niast transformation with. 
CtA- a PHA 
” V "*“* b. Concanavalin A 
c Endotoxins 

*~Thacoc> lie action — - 
t Adherence to glass surface* 



Macrophage' 
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TABLE 15.2 
T lymphocyte subsets 


A, Regulatory T cells. 

1) Helper celts (T|j) 

2) Suppressor cells (T s ) 

B. Effector cells. 

1) CytotoxicTlymphocytes (CTL) 

2) Delayed type hypersensitivity (DTH) 

3) Mixed lymphocyte reactivity (MLR) 


subsets. At this stage immunocompetence is 
acquired, but is not fully developed till theTcells 
are exported from the thymus. Mature T cells 
also possess the Ti receptor which is the antigen 
recognition unit of the T cells,' homologous to the 
surface immunoglobulin on B lymphocytes. Ti 
resembles immunoglobulin structurally as it con- 
sists of two subunits composed of variable and 
constant regions. Ti is linked to T3 on T cell sur- 
face^. 15.4). 

The above antigens on the T cell surface, 
detected by monoclonal antibodies, are expres- 
sed on molecules that play an important role in 
differentiation and function of the cells. These 
molecules are referred to as 'clusters of differen- 
tiation* (CD) and have been designated by num- 
bers. The old terminology and the corresponding 
new CD designations of the important T cell sur- 
face molecules are given below: 


Old designation of 
T cell surface antigen 
T,l 
T 3 
T„ 

T s 


Present designation of 
CD molecule 
CD 2 
CD 3 

cd 4 

CD S 


During maturation and differentiation in the 
thymus, T cells also learn to recognise self-MHC 
antigens. T4 (CD4) cells recognise Class I! MHC 
antigens and T8 (CD8) cells recognise MHC class 1 
antigens. 

B cells also exist in different subpopulations — 
those that selectively form the immunoglobulin 
classes M.G.AJD and E. 


Of the lymphocytes in peripheral circulation, 
about 55-75 per cent are T cells and about 15-30 
per cent B cells. The small proportion of lympho- 
cytes which cannot be classified are known a s null 
cells ^ Their nature and function are not fully 
uTuJerstood. 

Among the null cells, a distinct subpopulation 
of cytotoxic cells has been recognised, which pos- 
sess surface receptors for the Fcpart of IgG. They 
are capable of lysing or ki lling targ et cells sen- 
sitisedjyithJgG antibodies. They are known as 
kil ler (K) cells . K cells do n ot require comple- 
ment. They are responsible for antibody-depen- 
dent cell mediatedTcytotoxicityTADCC), in con- 
trast to th£_action of cytotoxi c T lymphocytes 
which is indepe ndent of an tibody. 

Another sub p o p ulation of nu ll cells i s the 
natu ral killer (NK) cells. These are la rge ly wpho- 
cylesTontainmg azurophilic granule s" in the 
cytoplasm and have~th erefore been Tail ed large 
grcifiular lymphocytes (LGL). NK cells are capa- 
ble ot non specific killin g m~ vir ally transformed 
target_£fills a nd are involve d in allo graft and 
tumouL_tejection^"They dif fer fro m K cells in 
being independent o f antibod y. Ga mma intcr- 
ferorpnereases N K cell activi ty. Th eir cy totoxic 
activity is nonspec ific a nd can be dem onstrated 
o n tum quT ce ll line s or fo etal fibrobl a st cultur es. 
NK cells are present in the spleen and peripheral 
bloo d in man and animais7~Tho ugh th eir exact 
functional significance is not known, they are 
believe d to p lay an important role in antiviral and 
antit umou r immunity. 


Plasma cells: Antigenically stimulated B cells 
undergo blast transformation, becoming succes- 
sively plasmablasts, intermediate transitional cells 
and plasma cells. The mature plasma celt is the 
antibody secreting cell. It is an oval cell, about 
twice the size of a - small lymphocyte, with an 
eccentrically placed oval nucleus, containing 
large blocks of chromatin located peripherally 
(cartwheel or clockface appearance) rhe cyto- 
plasm is large and contains abundant endoplasmic 
reticulum and a well developed Golgi apparatus. 
It is structually designed to be an^nmunoglobu- 
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T1,T3,T12, 

T4,Tll,Ti 

(Helper/Inducer 

T cell, also known 

asT4orCD4 

lymphocytes) 


T1.T3, T12, 
T8.TU.Ti 
(Suppressor 
cytotoxic T cell also 
known as T8 or CDS 
lymphocytes) 


Tig 15 4 Surface antigens on T lymphocytes dunnglhcir stages of development ond 
differentiation 


lm producing, factory. Plasma cells are end cells allotype, and of a single light chain type only. An 
and have a s hort lif espan teflui three day's A exception is seen in the primary antibody res- 
plasma cell makes an antibody of a single ponsc, when a plasma cell producing IgM initially. 
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While plasma cell'is the antibody producing cell 
par excellence, lymphocyies,- lymphoblasts and 
transitional cells-roay also synthesise immuno- 
globulins to some extent* *» 

^ Phagocytic cells: Phagocytosis is phylogencticalIy ( 
the oldest defence mechanisms in animals. Origi- 
nating in protozoa as a combined mechanism for 
nut rition and de'fence, Tne phagocyte lost its 
trophic functions witlfthe development of diges- 
tive-enzymes along the. course of evolution, and 
i n higher organisms it specialised in the remov al 
of foreign and autochthonous partic les. The impor- 
tance at phagocytosis in defence has been known 
since its discovery by Metchnikoff (1882). Its vital 

by the recent discover y of a congenital deficiency of 
phagocytosis (-ch ronic gr anu lomatous disea se*), in 
whi ch the patient succumbs-to-recurrent bacteri al 
i nfections . ~even though T and B cell functions 
r emain .n ormal. TIuTp hafoCylic cells"ot the body 
are the mnnnnnrlenr mncrnphages id blood and 
tissues) a nd the polymorphonuclear micropha ges. 

The hlood mncr nph^g^ ( mnnn ry tp<: ) the 
largest of the lymphoid cells found in peripheral 
blood (12— ISjjl). The ti ssue macrophages (his - 
ti ocytes) are larger (15-20p.). Mononuclear mac- 
rophage cells originate in the bone marrow from 
precursor-cells and become_monocytes in about 
six days: Monocytes in circulation have an approxi- 
mate half life of three days. They leave the circula- 
tion and reach various tissues to become trans- 
formed to macrophages, with morphological and 
functional features characteristic of the tissues, 
such as alveolar macrophages in lungs and Kupffer 
celts in liver. Tissue macrophages proliferate loc- 
-ally and survive for months»-MuItinucteated cells 
and epitheloid cells seen -in- granulomatous 
inflammatory lesions such as tuberculosis origi- 
nate from mononuclear macrophage cells. 

The primary function of macrophage is 
phagocytosis. These cells move slowly in a pon- 
derous-and-purposeful -manner, their abundant 
cytoplasm thrustingout restless pseudopodiathar 
glide harmlessly past normal body cells, but 
engulf effete cells and foreign particles. They 


accumulate in areas of inflammation or of tissue 
damage by chemotaxis. Particles sensitised by 
antibodies are phagocytosed more readily. The 
phagocytosed particle is held inside a vacuole 
(phagosome), the membrane of which fuses with 
a lysosome, forming a ‘phagolysosome’. Lyso- 
somal enzymes digest the particle, the remnants 
being extruded from the cell. While phagocytosis 
is an effective defence against most microorg a- 
nisms, some ( such as the bacilli of typhoid, 
brucellosis and tuberculosis) resist digestion and 
may mu ltiply i n the cells an d be transponethin 
them to other locations! * 

The macrophage may participate in several 
ways in the induction and execution of the 
specific immune response. It traps the antigen 
and provides it, in optimal concentration to the 
lymphocytes. Too high a concentration of anti- 
gen may be tolerogenic, and too low a concentra- 
tion may not be immunogenic. It has also been 
shown that with some antigens, prior processing 
by macrophages is an essential prerequisite for 
induction of antibodies. 

The processing and presentation of antigen by 
the macrophage to T cells require that both the 
cells possess surface d*eterminants coded for by 
the same major histocompatability complex 
(MHC) genes. The T cell can accept the proces- 
sed antigen only if it is presented by macrophage 
carrying on its surface the self-MHC determinant 
— the so called immune associated or la antigen. 
When the macrophage bears a different la anti- 
gen, it cannot cooperate with the T cell. This is 
known as MHC restriction. 

The functional efficiency of macrophage can 
be increased in many ways. They may be ‘acti- 
vated’ by lymphokines, complement components 
or interferon. Activated macrophages are not 
anti gen specific . Tor ■ example , aut l y aietf'mac-. 

-T fiphages from animals inf ecl ed_with one mic- 
roorganism ar e cytotoxic to tumour cells aswell 
aOarmany_other_microQrganisms. Activated 
macrophages show morphological and functional 
changes'aS'Com pare d to unstimulated q uiescent 
macrophagesTTheyare larger, “-adhere,better and 
spreatTfasteron'glass and are mor^'ph agocyticT 
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They secrete a number of biologically active sub- 
stances, including inte rleukin-1 (for merly called 
leukocyte activating ’factor)" wliich acts as 
endogenous pyrogen and also induces synthesis 
of interleukin-2 by T cells. Interleukin-2 facili- 
tates activation ot T cells. When stimulated by 
cytophilic antibodies and certain lymphokines, 
macrophages became ‘armed’ Such armed mac- 
rophages are capable ot antigen specific 
cytotoxicity, which is important in antitumour 
activity and graft rejection. 

The microphages are the polymorphonucl ear 


of the same species ( /allografts) are, recognised 
as’foreign and rejected . It vvastheeariy work o f 
borer in the 19 j0s int o the*ami 'gens r esponsible 
S cr allograft rejection ih inbredlnice that led to 
/the ^discoverv oi the~ major histocompatibility 
(c omplex (MHC 1-- 

Gorcr i dentified two blood group antigen sys - 
tems in mice , -one of which ( antigen 1 T was com - 
mon to all strains. Anticcn~z was found in some 


leu cocytes of blood — neutrophils , eosinoph ils 
cly phagocy- 


and basophils . Neutrophils are actively phagocy- 
tic and form the predominant cell type in acute 
inflammation. The phagocytic property of neut- 
rophils is nonspecific, except for its augmentation 
by opsonins. They do not appear to have any role 
in specific immune processes. Eosinophilic leuco- 
cytes are found in large numbers in allergic 
inflammation, parasitic infections and around 
antigen-antibody complexes, but their function is 
not clear. They are primarily inhabitants of tis- 
sues rather than of the bloodstream. The distinc- 
tive feature of the eosinophil is the presence of 
two types of granules — s mall, round, homoge- 
n eous and large ovoid. The granules contain a 


strains only and appeared to he responsible f or 
allograft rejection . This was called the H-lanti- 
gen (Hfor hisTocompatibilityJrBy/i/r/o^j/jnn- 
hility antisen is meant -.cell surface untigenTfftat 
induce an immune response l eading to rejection 
of allo graIts.(Sce Chamer-2(yit- The-H-2 anti gen 
^ystem- was found to be the major histocomp ati- 
bility antigen for mica and coded fn^ hv n clos ely 

called the major hisrocompatibthTyromplrxs-Thc 
development of congcmc and refc omUmant 
strains of mice- by-Snell enabled the"cJefailed 
analysis of various I ocfof Tlmfcomplex? For their I 
work-on MHC and -genetic-control -of immune 
response, Sneir/'DausscTaoU'Datrarerraf were 
awarded the Nobel Prize for Medicine in 1980. 


The HLA complex : The major antigens -de ter- 


vancty of hydrolytic enzymes which may in some4 mining histocompatibility in man arc al loan tigen s 


manner contribute to the manifestatio ns, of 
h ypersensitive reactio ns. Eosinophils possess 
phagocytic activity but only to a limited degree. 

Basophil leucocyte s are found in blood and tis- 
sues (mast cefisV /Thcir cytoplasm has l arge num- 
berrbTprormnent baso phil ic gran tiles containing 
heparin, histamine, serotonin and other hjdroly-^ 
tic'enzymesT De granulation of mast cells, with 
release of ph armacologically active agents const 
tutes t he effect or mechanism i n ana phylacti c and 
atopic allergy. "" _ _ 


; of leu co- 


cytes. they have been termed human leucocyte 
ahugcni (HLA) and the set of genes coding for 
them the HLA complex, 

The HLA complex of genes is located on the 
short arm of chromosome 6 (Fig 15.5). i t consi sts 
of seven genetic loch g rouped into two classes, — 
HLA- A, -B and -C constituting Class I, HLA-D. 
yBRT^Dt? and -L>F constituting Class'll. TiuT 
gene pr'dUlRTS (antigens) of Class I and Class II 
loci are called Class I and Class II antigens, 
respectively. ( A locus is the position on the 
chromosome where a particular gene Is located.) 
The HLA complex also bears a complement re- 
The prim ary function of the i mmune system is the ,g/on, which has been mapped between t’fie 
r ccoprltnon and elimination of foreign cells and HLA-B and HLA -DR loci. Located here are 
dntigens that enter the body . Tissues a nd organs genes coding for the second and fourth comple- 
grafted frotyone individual to another member ment components (C2 and C4) of the classical 


MAJOR HISTOCOMPATIBILITY COMPLEX (MHC) 



Jo ^ 2 


Fig. 15.S Nij jor H ijipcomfC^biJTty Comptcu. 1 . HLA class H region 2. Complement region. 3. HLAOass 1 region 
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aetiology, associated with immunological abnor- 
malities and with a hereditary tendency. For 
example, strong association hits been found bet- 
ween ankylosing spondylitis and HLA-B27, 
rheumatoid arthritis and HLA-DR4, and many 
autoimmune conditions and HLA-DR3. 

MHC restriction 

The importance of MHC antigenjn immune reac- 
tions is indicated by the finding that T cells 
respond to antigens on macrophages and other 
accessory cells only when they are presented 
along with the seff-MHC antigen. This is known 


as MHC restriction. Both Class I and Class II anti- 
gens operate in this phenomenon. Cytotoxic 
T lymphocytes from immunised mice are able to 
kill and lyse virus infected target cells only when 
T cells and target cells arc of the same MHC type, 
so that the T cells can recognise Class I MHC 
antigens on the target cells. Helper T cells can 
accept antigen presented by macrophages onh 
when the macrophage bears- the same Class II 
MHC molecules on the surface. For T cells par- 
ticipating in delayed type hepersensitivitv the 
antigen has to be presented along with Class II 
MHC determinants. MHC restriction has been 
demonstrated in man also. 
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Immune Response 


The specific reactivity induc ed in a host by a n 
antigenic stimulus is known as the immune 
response. In infectious disease it is generally 
equated with protection .against invading micro- 
organisms. But the immune response has a much 
wider scope and includes reactions against any 
antigen, living or nonliving. It may lead to con- 
sequences that are beneficial, indifferent or 
injurious to the host. It also includes the state of 
specific nonreactivity l tolerance! induced by cer- 
tain types of antigenic stimuli. The immune 
response can be of two types — the humoral (anti- 
body mediated) and the cellular (cell mediated) 
types. The two arc usually developed together, 
though at times one or the other may be the pre- 
dominant or exclusive type. They usually act in 
conjunction, but may sometimes act in opposition. 

Antibody mediated immunity (AMI) provides 
primary defence against most extracellular bacte- 
rial pathogens, helps in defence against viruses 
that infect through the respiratory or intestinal 
tracts, prevents recurrence of virus infections and 
participates in the pathogenesis of immediate 
(types 1,2 and 3) hypersensitivity and certain 
autoimmune diseases. Cell mediated immunity 
(CMI) protects against fungi, viruses and faculta- 
tive intracellular bacterial pathogens, partici- 
pates in rejection of homografts and graft-ver- 
sus-host reaction, provides immunological sur- 
veillance and immunity against cancer, and 
mediates the pathogenesis of delayed (type 4) 
hypersensitivity and certain autoimmune diseases. 

HUMORAL IMMUNE RESPONSE 

The production of antibodies consists of three 
stepv 


1. the entry of the antigen, its distribution and 
fate in the tissues and its contact with approp- 
riate immunocompetent cells ( the afferent 
limb), 

2 the processing of antigen by cells and the con- 
trol of the antibody forming process {central 
functions ). and 

3. the secretion of antibody, its distribution in tis- 
sues and body fluids and the manifestations of 
its effects ( efferent limb ) . 

Antibody production follows a characteristic 
pattern consisting of: 1) a lag phase , the immediate 
stage following antigenic stimulus during which 
no antibody is detectable in circulation, 2) a fog 
phase in which there is steady rise in titre of 
antibodies, 3) a plateau or steady state when 
there is an equilibrium between antibody synthe- 
sis and catabolism, and 4) th e phase of decline 
during which catabolism exceeds production and 
the titre falls (Fig. 16.1). 

Primary and secondary responses 

The antibody response to an initial antigenic 
stimulus differs qualitatively and quantitatively 
from the response to subsequent stimuli with the 
same antigen. The'former is called the ‘primary 
response’ and the latter the ‘secondary response’- 
(Fig. 16.2). T he primary response is slow, sl ug- 
gish and shortli ved, with a long lag phase and low ; 
t itre of antibodies that do not persist for lone . In ' f 
contrast, th e secondary b*sp onse is prom pt. power- 
ful and prolonged , with a short or negligible lag 
phase and a much higher level ofa ntibod ies that 
lastsJ br long perio ds. The antibody formed in the 
primary response is predomina ntly IeM a nd in 

tprnnHarv rptnnno> Tftl*? Ttip *»»rlv 
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Fig 16 I Primary immune response Aaitlrgeoicstimutus 
I latent penod 2 rise in litre o ficrum^a fltihody 3. steady 
state of antibody litre 4 decline of anti body tit re 

is more specific but less avid than the late anti- 
hody. The duration of the lag phase and the per- 
sistence of the antibody vary with the nature of 
the antigen. With some antigens such as 
diphtheria toxoid, the lag phase fn the primary 
response may be as long as 2-3 weeks, while with 
pneumococcal polysaccharide, antibodies can be 
detected as early as within a few tours. 

A single injection of an antigen helps more m 
. Sensitising or priming^ t he immunocompetent 
cells producin g the particular antibody than in 
the actual elaboration of high levels of antibody . 

fiVy by subsequent injections of the antigen It is 


for this reason that nonliving vaccines arc given tn 
multiple doses fo r active immunisation The first . 
^' injection is known .is the •priming' dose a nd sub^, 
sequen t inicctions as •booster' doses With live 
\/> vaccines, a single dose is sufficient as multiplied- 
Y non of th e orgariism'm the bo dy provides ,i khk ~ 
tinHrntr Shneenic stimul us that acts bot h as the 
i rimrtTg and booster doses 
' WlicrT a n antigen is iniecied .into .in anima l 
j lreadY j ariymg the specific antibody in circula- 
norL a temporary fall in the level ot circulating 
antibody quo tis dlie l» llt il cotllhlnalioTi oi me 
antigen with the antibody. I his lias been called; 



Hi negative phase - It is followed by an increase j 
in litT L ’ of t h e .imibad y exceeding the initial level I 
It has been suggested that when a prophylactic^ 
vaccine is administered to a host exposed to an 
infection, the negative phase may JtTtnrffy-| 
enhance the susceptibility temporarily But this is 


Fig 16 2 Effect of repeated antigen ic atimulu< A . R , Canti- 
gemc stimuli I. primary immune response. 2. secondary 
immune response 3- negative ptUsc." 4. high l eveTaT^n Ti- 
body following booster injc ciiw — 


generally not considered relevant in actual pruC^ 
tree .is it is doubtful whether the fallln circulating 
antibodies is associated with a true Towering of 
s pecific immunity 

Fate oT antigen in tissues 

The manner in which an antigen is dealt with in 
the body depends on factors such as the physical 
and chemical nature of the antigen, its dose and*, 
route of entry and whether the antigcnfcsCimulus/ 
is primary or secondary. Antigens introduced 
intravenously are rapidly localised in the spleen. 1 
liver, bone marrow, kidneys and lungs. They are] 
broken down by the reticuloendothelial cells and ( 
excreted in the urine, about 70-80 percent being 
thus eliminated within one or two days. In con- 
trast, antigens introduced subcutaneously arc 
mainly localised in the draining lymph nodes, 
only small amounts being found in the spleen. 

Particulate antigens are removed from circula- 
tion in two phases The first is the nonimmune 
phase during which the antigen is engulfed by the 
phagocytic cells, broken down and eliminated. 
With the appearance of the specific antibody, the 
phase of immune elimination begins, during 
which antigen-antibody complexes are formed 
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and arc rapidly phagocvtosed. resulting in an 
accelerated disappearance of the antigen from 
circulation. With soluble antigens, three phases 
can be made out — equilibration, metabolism 
and immune elimination. The phase of equilibra- 
tion consists of diffusion of the antigen to the 
extravasctilar spaces. During the metabolic 
phase, the level of antigen falls due to'catabolic 
decay. During the phase of immune elimination, 
there is rapid elimination of the antigen with the 
formation of antigen-antibody complexes. Such ' 
complexes can cause tissue damage and may be 
responsible for 'immune complex diseases* such 
as serum sickness. 

The speed of elimination of an antigen is 
related to the speed with which it is metabolised. 
Protein antigens are generally eliminated within 
days or weeks, whereas polysaccharides which 
are metabolised slowly, persist for months or 
years. Pneumococcal polysaccharide, for ins- 
tance, may persist upto 20 years in man, follow- 
ing a single injection. 

The presentation of antigens to immunocom- 
petent lymphocytes occurs in two ways — by 
macrophages and by the dendritic cells in the 
lymph node follicles. With many antigens process- 
ing by macrophages appears to be a necessary 
prerequisite for antibod) formation. Antigen 
processing by macrophages appears to be essen- 
tial for the primary immune response to many 
antigens, but not for the secondary response. 
Antigen capture by the dendritic cells of the 
lymph node follicles occurs in the presence of 
preexisting antibody. Both macrophages and 
dcndriticcells present the antigen, native or pro- 
cessed. at the cell surface, in areas of the body 
having a heavy traffic of lymphocytes, so that 
there occurs ample opportunity for the approp- 
riate lymphocytes to recognise the antigen and 
initiate the immune response. 

Macrophages modulate the dose of antigen 
presented to lymphocytes so that they are neither 
too low to be nonimmunogenic, nor too high to 
be tolerogenic. Macrophages also release soluble 
factors such as interleukin -1 which help in the 
initiation of the immune response. 


Production of antibodies 

The cells that recognise antigens andinitiateanti- 
body synthesis are the immunocompetent B lym- 
phocytes that carry surface receptors which are 
IgM or IgG in nature. The surface receptors are 
specific for individual antigenic determinants. 
The receptors on a single antigen reactive cell are 
directed towards a single determinant group. 
When an antigen reactive cell is stimulated bv 
contact with the appropriate antigenic determin- 
ant, it undergoes clonal proliferation and blast 
transformation, becoming converted into plasma 
cells which arc end cells that synthesise and sec- 
rete antibodies. All antibody molecules synth- 
esised by a single clone will be uniform with 
regard to antibody specificity, light and heavy 
chain markers and allotype. An exception is 
shown by cells that initially secrete IgM, later 
sw itching over to form IgG, IgA or IgE. 

While B lymphocytes are the cells responsible 
for antibody production, humoral response to 
many antigens requires the participation of 
T lymphocytes. The se antigens called thymus-de - 
pendem _/in/f.g *ra. incliid c__cnjliri>cv_tes, -scrum 
proteins and a variety o Lpiotein-ha men conju- 
gates. Some antigens such as polymerised flagella . 
i nTTerritin and several polysacch arides do not 
require T-cell. participation. A characteristic tea- 
turc of these thymus-independeni antigens, is that 
they consist of repeating surface units or 
epitopes. The antibody induced by them is 
largely of the IgM class, associated with little or 
no immunological memory. 

Antibody formation by B cells is subject to the 
regulatory effect of T cells. Helper T cells (T (J ) 
stimulate and suppressor T cells (T s ) inhibit anti- 
body tormation. Optimal antibody response 
depends on the balanced activity of Tfj and T 5 
cells. • 

Following antigenic stimulus, not all B cells get 
converted into plasma cells. A small proportion 
ot them develop into ‘memory cells’ which have a 
long lifespan and serve IQ recognise the same 
antigen when introduced subsequently. The 
increased antibody response during secondary 
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antigenic stimulation is due to the presence of 
memory cells induced by the primary contact 
with the antigen. 

^Alonoclonal antibodies 

vA 

I A single antibody forminc cell or clone produces 
antibodies specilicallv directed again s t a single 
antigen or antigenic determinant only When a 
done of lymphocyte s or plas ma cells undergoes 
selective proliferation, as in multiple myeloma, 
antibodies with a single anligcnic~~specificity 
accu mulate Such antibodies produced by a 
single clone and directed against a single 
antigenic ‘determinant are called monoclonal 
'"antibodies. Monoclonal antibodies arc very 
'useful Tools for diagnostic and research techni- 
ques. 

An ingenious method for largcscalc produc- 
tion of monoclonal antibodies against any desired 
antigen was described by Ko hler and Milstem in 
1975. In recognition of the great importance of 
this hybridoma technology, the Nobel Prize for 
Medicine was awarded (o them in 1984. Hyb- 
ridomas ar c som atic ce [[ hybrids produced by fus- 
- ing antibody forming spleen cells with myeloma 
cells. The resultanlhybrjd rctainsjhe antib ody 
•pt^ucing capacity of the spleen cell and the abi- 
htjLof myeloma cells to multiply indefinitely (Fig. 
16.3). Lymphocytes from the spleen of mice 
immunised with the desired antigen are fused 
with mouse myeloma cells grown in culture and 
deficient in the enzyme hypoxanthine phos - 
phoribosyl transferase (HP RT). The fused colls 
ii'TpT.YCtsiT'iTi a basal c\s\\wc irwlnim dsrcs 

not permit growth of the enzyme deficient 
-myeloma cells. As normal lymphocytes cannot 
replicate indefinitely, only hybrid cells possessing 
properties of both the splenic lymphocytes and 
myeloma cells can grow m the culture. These cul- 
tures. called hvbritlomns , are cloned and 
examined for production of antibodies. Clones 
producing antibodies agaimt the desired antigen 
are selected for continuous cultivation. Suehhyb- 
ndomas can be maintained indefinitely in culture 
and u ill continue to form monoclonal antibodies 


They may be also injected tntrapcritoneally in 
mice and monoclonal antibodies obtained by har- 
vesting the ascitic fluid produced. Hybridoma 
may be frozen for prolonged storage. The discov- 
ery of hybridoma technology for production of 
monoclonal antibodies has created a revolution 
in immunology, by opening up numerous diag- 
nostic, therapeutic and research applications. 
Monoclonal antibodies against several antigens 
arc now available commercially. 

Factors influencing antibody production 

Genetic factor The immune response is under 
genetic control. The differences in immune 
response to the same antigen shown by different 
individuals in a species is determined by genetic 
differences. The terms ‘responder’ and ‘nonres- 
••pondc^ , arc used for individuals who arc or are 
jiot capable of responding to a particular antigen 
-The lr genes control this property. 

Age: The embryo is immunologically immature 
The capacity to produce antibodies starts only with 
the development and differentiation of ly mphoid 
organs. The age at which emhryos acquire immu- 
nological competence varies with different 
ypectes. When the potential immunocompetent 
cell comes into contact with its specific antigen 
during embryonic life, the response isclimination 
of the cell or induction of tolerance. This is 
believed to he the basis for the nonantigenicity of 
self-antigcns.^uring embryonic fife, the develop- 
ing lymphoid cells come into contact with all the tis- 
sue atx.tig.ens, of t,he body teViasadby celMir fescak- 
down , so that all clones of cells that have specificity 
towards self-antigens are eliminated. 

Immunocompctcncc is not complete at birth, 
but continues to develop as the infant grows. The 
infant has to depend on itself for antibody pro- 
duction from 3-6 months of age, by which time 
the maternal antibodies disappear. But full com- 
petence is acquired only by about the age of 5-7 
years for IgG and 10—15 years for IgA. The 
ontogeny of antibody response depends also on 
the antigens concerned. B cell responses to most 
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protein and other T cell dependent antigens relevant. It has been reported that hepatitis B 
develop early, while responses to polysaccharide vaccine is less immunogenic following gluteal 
and other T cell independent antigens develop injection than following injection into the 
only later, usually by two years. Most IgG3 deltoid, 
a ntibodies to polysaccharides are of lcG2 tvne.. 

~ail dJgG2 producing B cells are the last tn .mature Size and number of doses :, Antibody response is. 


* Nutritional status. Malnutrition affects the 
immune-response adversely, though serum com- 
ponents necessary for immunity are conserved 
selectively till nutritional deficiency becomes 
marked. Protein calorie malnutrition suppresses 
both humoral and cellular immune responses, the 
latter more severely. Deficiencies of aminoacids 
(tryptophan, phenyl alanine, methionine, gly- 
cine, isoleucine) and vitamins (vitamin A, and B 
group factors ribofiavine, pyridoxine, pantothe- 
nic acid, folic acid) have been shown to cause 
decrease in antibody synthesis. 

• Route of administration : The humoral immune 
response is better tollowing parenteral adminis- 
tration of antigen than through oral or nasal 
routes. Large particulate antigens, such as bac- 
teria or erythrocytes are more effective when 
injected intravenously whereas soluble antigens 
are more effective when injected into tissues. The 
route of administration may also influence the 
type of antibody produced Fo r production o f 
Ig A antibodies, the oral or nasal rou te is most 
suit able. Inhalation of pollen antigens induces 
IgE synthesis whereas the same antigens given 
parenterally lead to IgG antibodies. With some 
antigens the route of administration determines 
whether tolerance or antibody response results. 
Injection of protein antigens into the mesenteric 
vein or intrathymically usually induces tolerance. 
Sulzberger (1929) and Chase (1959) showed that 
guinea pigs can be rendered specifically tolerant 
if certain antigens are fed before a parenteral 
challenge (Subberger-Chase Phenomenon). Applb 
cation of simple chemicals to the skin usually 
leads to cellular immune response (delayed 
hypersensitivity) rather than antibody formation. 

With some antigens the site of injection seems 


to an extent, dose dependent. An antigen iscffec- 
tivc only above a minimum critical dose. Further 
increase in dose enhances the intensity of the 
antibody response. But beyond a level, increase 
in the dose of antigen does not improve the anti- 
body response, but may even inhibit it and induce 
tolerance. Mice injected with 0 5p.g of pneumo- 
coccal capsular polysaccharide produce specific 
antibodies, but those injected with 50 pg of the 
antigen not only fail to form antibody, but may 
not respond even to subsequent doses of the same 
antigen. The massive antigenic stimulus appears 
to swamp the antibody producing system and 
paralyse.it. This phenomenon was designated 
‘immunological paralysis’ by Felton (1949). 

The tncreasecTahtibody response to a secon- 
dary antigenic stimulus has already been noticed. 
With repeated antigen injections the antibody 
response increases progressively But after a cer- 
tain stage, no further increase occurs. 



an tigenic stimulu s, of a heterologous but related 
antibody that the hosthad earlier p roducetfPFor 


instance, a person who had been immunised ear- 
lier against typhoid bacilli may sometimes pro- 
duce antityphoid antibodies in response to infec- 
tion with some otheT bacterium. This may cause 
confusion in the serological diagnosis of typhoid 
fever, but anamnestic reaction can be differen- 
tiated from a true secondary response as it is 
transient. The term anamnestic reaction has been 
employed by some to refer to the secondary 
response as well, so that some confusion attaches 
to this usage. 

Multiple antigens : When two or more antigens 
are adminiltereu simultaneously, the effects may 
vary. Antibodies may be produced against the 
different antigens just as though they had been 
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given separately, or antibody response to one or 
other of the antigens may be enhanced, or the 
response to one or more of them may be 
diminished (antigenic competition). When two 
bacterial vaccines (for example, typhoid and 
cholera vaccines) are given in a mixed form, the 
antibody response to each is not influenced by the 
other. When toxoids are given along with bacte- 
rial vaccines (for example, triple vaccine contain- 
ing diphtheria and tetanus toxoids along with 
Bord. pertussis vaccine) the response to the 
toxoid is potentiated. When diphtheria and 
tetanus toxoids are given together, with one in 
excess, the response to the other is inhibited. 
When triple antigen is given to a person who had 
earlier received a primary dose of diphtheria 
toxoid, the response to tetanus and pertussis anti- 
gens will be diminished. Such antigenic competi- 
tion is important from a practical point of view in 
immunisation with polyvalent antigens. For opti- 
mal effect, the nature and relative porportions of 
the different antigens in a mixture should be care- 
fully adjusted. 

Adjuvants: The term adjuvant refers to any sub- 
stance that enhances the immunogenicity of an 
antigen. Adjuvant may confer immunogenicity 
on nonantigenic substances, increase the con- 
centration and persistence of the circulating anti- 
body, induce or enhance the degree of cellular 
immunity and lead to the production of ‘adjuvant 
diseases’ such as allergic disseminated encepha- 
lomyelitis. A variety of substances exhibit adjuvant 
activity. Some, such as aluminium hydroxide or 
ph gsphate and incorporation of p rotein antigen s 
in the water phase of a water-in-oil emu lsion 
(Freun d’s in complete adjuvant), delay the 
release of antigen from the site of injection and 
prolong the antigenic stimulus. Others such as 
silica particles, beryllium sulphate and endotoxins 
are toxic to macrophages and induce the liberation 
of lysosomal enzymes, though how this potentiates 
the immune response is not known. The most 
pot ent adjuvant is Freu nd’s complete adjuvahC' 
which istheTncompleteadjuvanralbngwitHa sus- 
pension of killed tubercle bacilli. Besides increas- 


ing humoral immune response, it induces a high 
degree of cellular immunity (delayed hypersen- 
sitivity) as well. As it produces a local granuloma 
it is unsuitable for human use. The adjuvants 
commonly used with human vaccines are 
aluminium hydroxide or phosphate, endotoxin 
and mineral oils. 

Immunosuppressive agents: These inhibit the 
immune response. They are useful in'certain situ- 
ations like transplantation, when it becomes 
necessary to prevent graft rejection. Examples of 
im munosuppressive agents are X-irradiation , 
radiomimetic drugs, co rticosteroid s, antimetabo- 
lites and ot her cytotoxic chemi cals. and'3nfiiym- 
phocyticseru m.. ' : * 

Sublethal whole body irradiation suppresses 
antibody response. When antigenic stimulus fol- 
lows 24 hours after irradiation, antibody produc- 
tion does not occur, whereas if the antigen is 
administered 2-3 days before irradiation, the 
antibody response is actually enhanced. The 
primary response is more radiosensitive than the 
secondary response. 

Radiomimetic drugs are agents with an action 
resembling that of X-rays. They belong in general 
to the class of alkylating agents (e.g., cyclophos- 
phamide, nitrogen mustard). In man, cyclophos- 
phamide given for three days after the antigen, 
completely suppresses the antibody response. It 
is much less effective when given before the anti- 
gen. 

Corticosteroids cause-depletion , of lympho - 
cytes from the blood and lympho id organs. They 
also sta bilise the membranes of cells ~and Ivs o- 
somes, inhi biting histamine release and the 
in flammatory respo nse, t ney suppres^antTBody 
formation in the rat, mouse and rabbit, but are 
much less effectiv e in the guinea pig, monkey and 
man. Therapeutic doses have little effect on the 
antibody formation in man. They inhibit the 
induction and manifestations of delayed hyper- 
sensitivity in man. 

A'fUimetabolites are substances that interfere 
with the synthesis of DNA, RNA or both and 
thus inhibit cell division and differentiation 
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necessa ry for humoral end cellul ar immune 
responsgl T^ f Kef^ncluOe^folTc^ acid ~5tttago- 
nists (meth otrexa te) alkylating agents (cyP 
cl ophos phamide) and analogues of purine 
(6-mercaptopurfne, azathiopnne), cytosine 
(cytosine arabinoside) and uradl (5-Fluor- 
ouracil). Many antimetabolitcs find clinical 
applicati on in th e_pr cvention of^ graft rejec- 
ts ““ ~ “ 

The drug most widely used now for immuno- 
suppisssioi Lis cyclosponne. lt is a cyclic polypep- 
tide which is not cytotoxic for lymphocytes and 
has no antimitotic activity. I t selec t ively inhibi ts! 
helpcrX cell activity . 

Antilymphocyte serum f ALS) is a heterolog- 
ous antjsertim-ratse<f-«gains t -l vmp li Qcytcs o r 
t hymocy tes. ALS for human use is raised in 
horses. Antibodies to other antigens such as ery- 
throcytes arc removed by selective absorption. 
While all other immunosuppressive agents have 
undesirable side effects. AL S is devoid of any 
a ction other than on lymphocyte s. The antibody 
class active m ALS is IgG, the IgM antibody 
being inactive. ALS acts primarily against T lym- 
phocytes and therefore specifically on cell 
mediated immunity. Humoral antibody response 
to thymus dependent antigens may be inhibited, 
but the response to thymus independent antigens 
is unaffected and may even be enhanced. ALS 
acts only against lymphocy tes in circulation and 
not cells in lymphoid organs. As ALS is a foreign 
protein, its effect is decreased on repeated 
administration, which may lead to serum 
sickness and other hypersensitivity reac- 
tions. 

Effect of antibody : The humoral immune 
response to an antigen can be suppressed specifi- 
cally by passive administration of the homolog- 
ous antibody. The action appears to be by a feed- 
back mechanism. The primary response is more 
susceptible to inhibition than the secondary 
response. The antibody may also combine with 
the antigen and prevent its availability for the 
immunocompetent cells. The inhibitory effect of 
a passively administered antibody on the 


humoral immune response has been applied in 
the prevention of Rh sensitisation in Rh-negativc 
women carrying Rh-positive fetuses. This is 
achieved by administration of anti-Rh globulin 
immediately following delivery (within 72 
hours). ' 

This effect is also relevant in the practice of 
combined immunisation as in ^fifihthcria and 
tetanus. In such cases, the toxoid and antitoxin 
should be given at separate sites. Adsorbed, 
toxoid should be used as the inhibitory effect is 
much less than with fluid toxoid. 

CELLULAR IMMUNE RESPONSE 

The term “cell mediated immunity’ (CM!) refers 
to the specific immune responses that do not 
involve a'nlifiodfcs rTtirreccntly 7t he only facet of 
CM! than * as investigated t o an y cMentjjys the. 
"phenomenon "of delayed hypersensitivity (DH) 
This apparent neglect was not because CMf is' less 
impor tant th an humoral antibody response, but 
for the reason) bat the only mcthod'iivaflaTvie for 
detection of CM I was the demonstration of DH 
by the skin test In recent years, there hasliecn 
very great progress in understanding the 
mechanism, scope and significance of CML It is 
now realised that CM I is probably, niore^yitaftt? 
health and even for life than humoral immunity. 
The first description oTaCM Presponse was the 
observation by Jcnncr (J798) that inoculation of 
vaccinia virus in an immune individual led to a 
Jocal erythematous papule in 24-72 hours. He 
called this the ‘reactio n, of i mmunity ‘ Koch 
(1890) described the exagg erated cutaneous reac- 
_tmtL-oLtiihcrculo us-cuin ea_picsjq mtradcrmaf 
inj ection of the tubercle JwcllJux or a protein 
extract ol the bac illus (tuberculin). Thereafter 
the tuberculin test Jicfapiej h c p a radig m for DH. 
TTie term “delayed hypersensitivity _jrcfeu» to.the 
a ppea rnn cc_oJJhe_?k]n lesion '48-72 hours after 
administr ation of the antigen.. The -lesion is an 
indurated nodule with infiltration by mononuc- 
lear cells. DH was found to be immunological!) 
specific , but it did not have any relation to 
antibodies and could not be transferred passively 
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by serum. The cellular basis of PH w as shown by 
Lan dstein er and Chase _( 194 2) by its passive 
transfer in guinea pigs by the injection of leuco- 
cytes from sensitised donors. With the recogni- 
tion of the two-component concept of immunity. 
DH and other types of CMI were found to be 
mediated By l lymphocytes* ~X variety of 
techniques *are“now available for detection of 
CMI, though they lack the sensitivity and preci- 
sion of antibody assays for humoral immunity. 

Scope of CMI 

C MI is known t o subserve th e fol lowing 

immunological functions: 

,1. Delayed hypersensitivity, v — 

2. Immunity in i nfectious diseases caused by 
obl igate and facultat ive intr acellularpa rasit es 
These include i nfections with_bacteria (e.g., 
tuberculosis, leprosy, li steriosis , b rucellosis) , 
fungi (e.g., h istoplasmos is, coccid ioi domycosis , 
bl astomycosi s), protozoa (e.g., leishm aniasis, 
tryp anosomi asis) and virus es (e.g., measles, 
mumps). 

3. Transplant ation immunity and graft-ver- 
-’susTiost r eaction. 

4. Immunological surveillance and immunity 

againsTcanceri 

5. Patho genesis of cert ain autoimmune diseases 
(e.g., thyroiditis, encephalomyelitis). 

Induction of CMI 

The nature of the antigenic stimulus is important 
in the induction "of CMI. It is developed best fol- 
lowingTnlections with intracellularparasites. Kil- 
led vaccines and other nonliving antigens do not 
induce CMI unless administered with Freund 
type adjuvants. Application of certian chemicals 
to the skin i nduces DH . The reason for the spe- 
cial requirements for the induction of CMI is not 
known. An understanding of the special require- 
ments for CMI induction may lead to the 
development of killed vaccines for diseases like 
tuberculosis and leprosy in which CMI is vital. 
Induction of CMI consists of specifically sen- 


sitising T lymphocytes against the antigen. When 
a sensitised cell comes into contact with the 
antigenic determinant, it undergoes blast trans- 
formation and clonal proliferation. The activated 
lymphocytes release biologically active products 
(lymphokines) which are responsible for the 
manifestations of CMI. Macrophages and other 
mononuclear cells, under the effect of lym- 
phokines, effect the destruction of microor- 
ganisms and other processes involved in CMI. 

Lymphokines 

Biologica ll y active subst an ces release d by acti- 
vated T lymphocytes are known as lymphokineT. 
They are regulatory proteins whose main lurfc- 
tion appears to be regulation of the immune 
response and the growth and functions of celts of 
the reticuloendothelial system Som e lymphokines 
affect the growth of tumour cells also. Similar 
proteins are produced by monocytes/mac- 
rophages (monokines) and other cells. Together 
they represent a family of hormone-like sub- 
stances concerned with regulatory interaction 
among cells (cytokines) . 

Lymphokines have been named based on the 
biological effects they produce. Various lym- 
phokines and their biological activities are listed 
below. 

Affecting macrophages: 1 . Migration Inhibiting 
Factor~(MIF) : Inhibits the migration of"normaT 
macrophages. Migration of peripheral leucocytes 
and of lymph node cells can also be inhibited by 
lymphokines, but the nature of this factor is not 
clear. 

2. Macrophage Activa t ing Factor: Increases 
macrophages* adherence to glass, phagocytic 
capacity, certain biochemical activities, bac- 
teriostatic and tumoriridal activity. It is ^distin- 
guishable from MIF. 

3. -Macrophage Aggregation Factor (MAF); 
Causes aggregation of macrophages in suspension . 

4. Macrophage Chemo tac tic Factor (MCF): 
Causes migration ot macrophages through milli- 
pore membranes along a gradient. 
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5. Macrophage Resistance Factor (MRF): 
Renders macrophages nonspecifically resistant 
to infection with certain pathogens. 

6. Macrophage Antispreading Factor : Inhibits 
spreading ot" macrophages on glass surfaces. 

7. Cytophilic Factor (CF): Confers on mac- 
rophagesspecilic reactivity with antigen. 


\Affecttng lymphocytes: 1. Blastogenic or 
Mitogenic Factor (BF or MF): Induces blast cell 
transformation and incorporation of tritiated 
thymidine in lymphocytes. 

2. Potentiating Factor (PFp Augments trans- 
formation in mixed lymphocyte culture or anti- 
gen stimulated culture. 

\|3, Cell Cooperation or Helper Factor (CC or 
HF): Increases number or rate of antibody form- 
ing cells. 

»L T cell growth factor, this is required for con- 
tinuous growth of T cells ot vitro. 

5. B cell Growth Factor (BGF): This stimulates 
the growth of B cells. 

6. T cell Replacement Factor (TRF): This 
stimulates immunoglobulin production by B 
cells. 


Producing in vitro effects: 1 . Skin Reactive Factor 
(SRF): Induces the skin lesion of DH; possibly a 
combination of several factors, 

2. Inflammatory Factor (I F): Causes increased 
vascular permeability and other inflammatory 
changes on normal skin. 

3. Transfer Factor (TF) : Mediates passive 
transfer of CML 

4. Tissue factor fProco agula nt Factor): Th isy 
when incubated with factor VII 1 deficient plasma 
is able to correct prolonged clotting time. 

5. Osteoclast Activating Factor 


interleukins 


Many lymphokincs have not been adequately 
characterised. Their names indicate their demons- 


Affecting granulocytes. !. Inhibition Factor (IF): 
inhibits migration of leucocytes. 

2. Chemotactic Factor (CF). Causes migration 
of granulocytes along a gradient. 

3. Colony Stimulating Factor (fcSF): Stimu- 
lates growth of granulocytes and macrophages. 


trated biological effects, but as most 1) mphocytes 
exhibit multiple biological activities, the descrip- 
tive names can he misleading. Therefore a nom- 
enclature has been introduced employing the 
tcnuJate rleiikin followed by a number. The term 
interleukin signifies substances produced by 
leucocytes (leuUn) that regulate other (inter) 
ccllsTAt the 6th International Conference of 
Immunology in (9S6. it was agreed that a new 
lymphokinc or cytokine would first be named 
according to its biological activity, but once it is 
fully characterised and its aminoacid sequence 
established, it would be assigned an interleukin 
number. The following interleukins have been 
described. 


Affecting cultured cells: 1. Lymphotoxin: 
CyV&twwifox ccxtavwcukvKcdccU^. 

2. Proliferation Inhibiting Factor or Colony 
Inhibiting Factor (PIF or CLIP): Inhibits pro- 
liferation of cultured cells without lysing 
them 

3. Gamma interferon: Protects cells against 
virus infection, has an inhibitory effect on malig- 
nant cells and a regulatory effect on the immune 
response. 

4. Tumour Necrosis Factor (TNF): Producing 
lysis of Fumourcells. 


1. Interleukin- 1: Originally described as a leuco- 
cyte actwidw?,Cactcx w\ WllwwdwsB cell 

activating factor (BAF) in 1974, this cytokine was 
renamed interleukin- 1 in 1979. IL-1 is a stable 
polypeptide retaining its activity at temperatures 
upto 56°C and pH range 3-1 1. Two structurally 
related IL- 1 species have been described, termed 
alpha and beta IL-1. Initially observed to be sec- 
reted by monocytes and macrophages. IL-1 is 
now known to he produced by virtually all nuc- 
leated cells. Production ofIL-I isinduced by anti- 
gens. toxins, injury and inflammatory processes. 
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1L-1 activates T-cells and pro motes synthesis of tally in cancer patients. Peripheral lymphocytes 
tymphokincs. It~stltfiu1ate ?'D 'ceTTproliferation , collected from patients were treated with IL-2, to 
di fferentiation antfantiSotfy synt hesis . It acts asa induce LAK cells, and reinfused, followed by 
contactor ior haematopoietic growth factors, and IL-2 infusion. Encouraging results have heen 
i riHuces~f evef rA~C f H "re lease , neutrophilic and claimed in some types of cancers. IL^ produce s 
othersystemic acute phase responses. It mediates adver se react ipns-duejo increasedcapillary per- 
inflamnfatory processes and augments nonspcci- meability^jeadingjo pulmonary and systemic 
fic resi stance to infection. oedema. 

2. Interleukin-2: In 1976, a polypeptide factor 3.'fnterleukt!t3 is a growth factor f or bone mar- 
produced by activated T ceils was described, 1 r ow stem cells. I t stimulates multilineage hae- 
which induced T cells to proliferate and enabled matopoje sis. 

them to be maintained in continuous culture. 

Known originally as T cell growth or activation 4. Interleukin-4 formerly known as B cell 
factor (TCGF), it has since been named IL-2. It is stimulating factor-1 (BSF-I) activates resting 

a 15,000 M.W. glycoprotein which is a powerful B cells and acts as a B cell differentiation factor, 
modulator of immune response. Merc presence I t also acts as a growth factor for T c ells and mast 
of IL-2 is not sufficient to activate T cells. It has to rai ls. It e nhances activity of cytotox ic T cells . It 
be presented with a properly processed antigen may have a role : 7h"atopic JiYpersen sitmtyns ut 
from a cell or by a macrophage. The T cell then augments IgEjsymhesis. ' 

sprouts surface receptors for IL-2 enabling com- 
bination with it and subsequent activation. IL-2 5. Interleukin-5 formely known as B cell growth 
causes induction of T-helner . T-cvtotoxic an d NK factor II, causes proliferation of activated B cells, 

cells. I t ^con v erts some Null cells into fymplio- It also induces maturation of eosinophils. 
June-acthatedTUIer (LAK) cells which cap destroy 

NK resistant tumour cells JL-2 has been cloned 6. Interleukin-6 formerly called B cell stimulating 
in E. coli. Cloned IL-2 has been used experimen- factor-2, is produced by stimulated T cells, fibro- 



Fig lb 4 Inhibition of migration of macrophage celts. J>/f: Exposure to antigen of cells from sensited guinea pigs. Migration 

inhibited. Right. Control. Exposure to antigen ot Cells from normal guinea pigs. Shows foam like migration of macrophages 
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blasts and ma crophages. It induces immunoglo- TF is a dialysablc, low molecular weight sub- 
fiufiit synthesis by activated celts and IL-2 rccep- stance (MW 2000 to 4000), resistant to trypsin, 
tors on T cells. It also exerts a stimuIatoaielfoci^DNA-ase- RNA-ase and freeze thawing. It issta- 
on hcpatocvtcs, nerve cells and haematopoietic ble for several years at -20°C, and in the 


cells. It has been claimed to have a role in produc- 
tion of some autoimmune processes, particularly 
rheumatoid arthritis. 

Detection of CMl 

The only method for detecting CMI till recently 
w’as the skin test for DH. A number of m vitro 
correlates of CM! have now become available. 
These include the lymphocyte transformation 
test (transformation of cultured sensitised T lym- 
phocytes on contact with the antigen), target cell 
destruction (killingof cultured cells by T lympho- 
cytes sensitised against them) and the migration 
inhibiting factor test. The last is most commonly 
employed. As originally described, this consisted 
of incubating m a culture chamber, packed 
peritoneal macrophages in a capillary tube. The 
macrophages migrate to form a lacy, fan-like 
pattern. If the macrophages are from a guinea pig 
sensitised to tuberculoprotcin, addition of tuber- 
culin to the culture chamber will inhibit the mig- 
ration (Fig. 16.4), This has been adapted for clini- 
cal use by incubating human peripheral leuco- 
cytes m capillary tubes in culture chambers 
When an antigen to which the individual has CMl 
is introduced into the culture medium, the leuco- 
cytes are prevented from migrating. By compari- 
son with the control, it is possible to make a 
semiquantitative assessment of the migration 
irfnfoit’ion. 

Transfer factor 

Passive transfer of CMl was first achieved by the 
injection of viable leucocytes from sensitised 
donors, Lawrence (1954) reported transfer of 
CMI in man by the injection of extracts from 
leucocytes. This extract is known as the ‘transfer 
factor’ (TF). The transferred immunity isspecific 
in that CMl can be transferred only to those anti- 
gens to which the donor is sensitive. 


iyophiiiscd form at 4°C. It is inactivated at 56°C in 
30 minutes. It is not antigenic. Chemically, it 
appears to be a polypeptide-polynucleotide. 

TF is highly potent, an extract from 0.1 ml of 
packed leucocytes being sufficient for transfer. 
The transferred CMI is systemic and not local at 
(he injected site alone. Following TF injection 
DH and various lit vitro correlates of CMI can be 
demonstrated in the recipient. Humoral immun- 
ity is not transmitted by TF. TF transfers CMI to 
all the antigens to which the donor is sensitive, en 
bloc. It is possible to transfer CM! from the reci- 
pient to another in scries 

The mechanism of action of the TF is not 
known. TF could be an informational molecule 
or a specific gene dc repressor capable of inducing 
antigcnically uncommitted lymphocytes to pro- 
duce antigen-specific receptors. TF activity was 
till recently demonstrable in man only, but it has 
now been reported in monkeys, guinea pigs and 
mice. 

TF has several applications. It has been used to 
restore immune capacity in patients with T cell 
deficiency (Wiskott-Aldrich Syndrome). It has 
also been used in the treatment of disseminated 
infections associated with deficient CMI (Icp- 
romatous leprosy, tuberculosis, mucocutaneous 
candidiasis). It has been employed in the treat- 
ment of malignant melanoma and may be benefi- 
cial in other types of cancer as well. It use has 
Wen suggested in some autoimmune diseases 
(systemic lupus erythematosus, rheumatoid 
arthritis) and diseases of unknown aetiology (sar- 
coidosis, multiple sclerosis). 

Interactions between humoral and 
cellular Immune processes 

Humoral and cellular immune processes gener- 
ally act in conjunction, but may sometimes be 
antagonistic. Some interactions between the two 
are dealt with below: 
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Immunological enhancement; This is a process in 
which humoral antibodies protect transplants 
and tumour cells from the effect of CMI. 


Immune deviation: This refers to the process 
whereby prior immunisation with an antigen pre- 
vents development of CMI when subsequently 
challenged with the same antigen in a form that 
ordinarily would induce CMI. 


Jones- Mote hypersensitivity: This is a transient 
development of DH an immunisation with pro- 
tein antigens in the absence of adjuvants. This is 
followed by the development of antibody 
response. This differs from classical DH in the 
rapid appearance of hypersensitivity (12-24 
hours) and its transitory nature. It differs his- 
tologically also in that basophils are present in the 
infiltrate. The term ‘cutaneous basophil hyper- 
sensitivity’ has therefore been suggested for this 
reaction. 


T ceil modulation of B cell function: Though 
B cells are responsible for the humoral immune 
response, T cells perform helper or amplifier 
functions in this connection. The switch over 
from IgM to IgG production requires the partici- 
pation of activated T cells. They also exert reg- 
ulatory or suppressor effect on B cell functions. 
Overactivity of suppressor cells may lead to 
immunodeficiencies while inadequate suppressor 
cell activity may result in autoimmunity. 


IMMUNOLOGICAL TOLERANCE 


Immunological tolerance or immunological unre- 
sponsiveness is t he conditionj'n which con tact 
with anantigen specifically abolishes thfe capacitvf 
t o anjjnroune response against th at par-' 

ticular antigen when it is administered sub- 


t he twins having erythrocytes of its own and ;h /» 
other's" blood groups. As dizygotic twins are 
geneticall y dissimilar, they do not ord inarily 
acce pt" Transplants fro m each other, but such 
transplants survive in cattle twins. The reasonTo r 
this tolerance was shown to be the sharing of the 
same placental blood suppl y bT the twins du rihfr 
i ntrauterine hte.T jased on this observatcon. jjur- 
oet and Fenner (1 949) suggested that the onre^~ 
sponsiveness ot individuals to self-antigens was 
due to the contact of the immature immunolog i- 
ca! system with self-antigens during embryonic 
jife. Any antigen thaTcomes imocontact witFt^T 
irftmunologi cal system during its embryonic li fe 
v ^liRTbe recognised asTi self-antigen and would 
pot induce any immune response. The y pos t- 
ulated that tolerance' could be Induced agains t 
f oreign antigens if they werVadministered durin g 
e mbryonic life. This was proved experimentally 
by Medawar and his colleagues ( 19 53) using two 
s trainTof syngeneic mice. Whenskin graft fro m 
o ne inbred strain of mice (CBA) is applied oti a 
mouse of another strain (Al_it is reiected. Butjf 
CBA cells are injected into fetal or newborn 


fre ely accept skin grafts from CBA mice. The 
content of self-antigen appears to have~been 
enlarged by contact with a foreign antigen during 
embryonic life. This phenomenon is called 
‘specific immunological tolerance’. 

Development of tolerance is not confinedM o 
th e embryo or newborn, but can occur in adu lts 
tflsoT Tolerance may be't ptaf or partial, short - 
li ved or long lasting . The induction, degree and 
duration of tolerance depend on t he species and 


s gguentl y. This nonreactivity is specific to the 
particular antigen, immune reactivity to other 


particular antigen, immune reactivity to other 
antigens being unaffected. 

The first example of immunological tolerance 
was the observation by Owen (1945) of ervthro - 
cyte chimerism in dizygotic cattle twins, each of 


Qf_thg antigen and the route of administration. 
^Rabb its and mice can be rendered toTeranrmore 
rapidly than guinea pigs and chick ens. Strain dif- 
ference^ in tolerance induction are seen within 
soecidCaT he higher the degree of immunocom pe- 
t ence of t he host, the more difficult it is to in duce 
t oTerance l It is to r tins reason that embryos an d 
n ewborns are particularly susceptible for indft e- 
tioh~o'f tolerance. T oleranc e can be induced tn 
adults in whom immunocompetence is temnora- 
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fily interrupted by immunosuppressive agents 
Induction of tolerance is very' difficult in adults 
already immunised against the antigen. 

The physical state of the antigen is important. 
Soluble antigens and haptens are mo re 
t olerogenic than particulate antigens The 
tulcrogcnicity of an antigen can he niodiHed by 
certain procedures. W hen human gamma glohu- 
lin is heat aggregated, it i s highly immunogenic in 
mice, Ou t mien tic-nggregnted. i t i s tolerogenic . 
.So lutions of scrum proteins centrifuged at h igh 
s peed separate in to tolerogenic supernatant a nd 
i mmunogenic sed iment tra ctions . I he induction 
of tolerance is dose-dependent. There is a 
t hreshold dose below which tol er ance is not 
i nduced. Fu rther i ncrease in dose increases t he 
dur ation of tolera nce. W ith certain antigens, 
tol erance can be ind uced by two types of doses, 
one high and t he oflT erTowr T rithrintcmre'dia tg 
doses producing immunity instead of tolerance . 
These arc known ns M uch zone* and ‘low zon e' 
tolerance. A special type of high zone tolerance is 
fclioii A immunological paralysi s. The duration 
of tolerance is variable. Tolerance can Ire pro- 
longed -by repeated tolerogenic stimuli. The 
) r oute. of admini stration th at induces tolera nce 
best is that whe reby antigen equilibrates ihroii.g h- 
out the’extra- and intravascular compartmen ts. 

are rapidl y eliminat ed, th e route of choic e is 
intravenous, certain haptens that are immuno- 
genic tn pumea ptgs by the intradermat route arc 

Tolerance can h d overcome? spontaneously or 
Vvy -.vn Snyectwn v>S trvsv, mn-wnoRtTiN 

For example, t olerance to bovine-seru m athtimm 
m rabbits ca n he abolished hv immunisation wi th 
c ross reacting human scrum alhuminf In general,, 
tolerance to l iving agents is more lastin g than that 
t o nonliving suhstanc es^ Naturally occurring tot ef- 
ance is found in certain virus infections as in co n- 
genital tuhellaand cytomegalovirus infccti ons'in 
w hich _ there is persistent viraemia with a 
dec reased ahility for the production of ncut rahs- 
i fjg"«mii bodies (persistent iol^M n> Infection) In 
lymphocytic choriomeningitis infection in carrier 


mia Mhc vims may p ersist in virtually all the ce lls 
andjissue^jindJtcJran5nutlal-ymicalijatl.the 
offspr ing without any demonstrable immu ne 
re sponse or pathogenic effect . When' the toler- 
a nce is interrupted by an induction of antibod y or 
b y an injection of sensitised lymphocytes, disease 
results. 

The mechanism of tolerance is not cle ar. In 
specific immunological lolcranccT in embryonic 
life, the clones of cells responding to the particu- 
lar anti gen are believed to be annihila ted by con- 
tact with the antigen. This- is -tha— Central 
median ism' ol tolerance-induction. In other 
instances the mechanism may be ‘afferent block’ 
in which access of the antigen to immunocompe- 
tent cells is interfered with, or ‘efferent block’ in 
which the antibody synthesised is neutralised or 
destroyed. T and D lymphocytes appear to pos- 
sess different sensitisity to tolerance induc- 
tion, the former being more susceptible. It is 
probably for this reason that low zone tolerance is 
seen with thymuvdcpendcnt antigens like serum 
proteins. With thymus independent antigens, 
tolctfmcc dependson rendering U cells unrespon- 
sive and this requires a higher dose. 

Tolerance to humoral, and cellular types of 
immunity is usually induced simultaneously. 
’Spli t toleranc e’, where unresponsivcncss is 
established for one parameter of the immune 
response and not to the other, can be induced by 
special techniques In guinea pigs, OH to tuber- 
culin can be inhibited, without affecting the pro- 
d uction olVfifentating antibo dy, by injection of 
tubcrculoprotcin prior to immunisation with 

TI/tORlES OK 1MMU.NR RESPONSE _ 


A succession of theories have been put forward, 
from time to time, in order to explain the versati- 
lity, specificity, memory and other features of the 
immune response . Theories of immunity fall into 
two categories : instructive and selective. The 
instructive theories postulate that lilt ttnniutVO- 
competent cell is capable of synthesising anti- 
bodies of any specificity. The antigen encounters 
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an immunocompetent cell and instructs it to pro- 
duce the complementary antibody. Instructive 
theories were proposed by chemists who were 
more concerned with explaining the physicochemi- 
cal aspects of specificity than with biological prin- 
ciples of immune processes. Selective theories, 
on the contrary, shift the emphasis from the anti- 
gen to the immunocompetent cell. They postu- 
late that immu nocompetent cells have only a 
restricted - immunological range- The antige n 
exerts only a it7ethTe influence by stimulating the . 
appropriate immunocompetent cell to synthesise ^i ndirect template • the ory : Burnet and Fenner 
anantibody. / (1949) proposed this instructive theory to explain 


nan t) enters antibody forming cells and serve s as 
a “template’ against which antibody molecules 
are synthesised so that they have combining su es 
comple mentary to the antigenic determina nt. 
T fiese are therefore known as-trlirert ipfppl ^t*** 
theories. Pauling (1940) presented a more detail- 
ed-model suggesting that specificity was deter- 
mined by the folding of the antibody polypeptide 
chains to form a tertiary structure fitting the 
antigenic determinant. 


Side chain theory: The first convincing theory of 
immune response was the ‘side chain’ theory 
proposed by Ehrlich (190 01. Cells atcie. consi- 
dered t o have surface “receptors’ capable _o f 
re acting wi th substances having complementar y 
‘side chains*. Ihc physiological significance of 
such receptors was in anchoring nutrients to ceils 
priornniTCu jssimilation.^v Henforeign antig ens 
are introd uced into the hotly 5hey combine with 
thoSrrglTf eceptors " whi ch have a complementa ry 
fifTTt Tis inactivates the receptors and i nterfere s 
w ith absorption of nutrients. As a compensator)' 
mechanism, th gje’ is an Ove r production of t he 
sai pe type of re cep tors, whic h spill over into the 
blo od and circulate as antibodie s, this was the 
first of the selection theories. It explained eler 
gantly ihe specificity of the antibody response. But 
when L andstei n er dpmnnsirnrpd th a t antibod i e s 
could be formed not only against natural anti- 
gt i rr ; bm ~at5Q" llgamst various synthetic chemi- 
cals, this theory was abandoned. It was believed 
thin mi impossibly large number of receptors 
would be needed to account for the seemingly 
endless scope of antibody specificity. It is, 
however, remarkable how closely Ehrlich 
anticipated modem views on the immune 
response. 


the synthesis of antibody as an adaptive protein. 
They p ostulated that the entry of the anti genic 
determinant intoThe antibody producing cell pro- 
duced in it a hentabre change so that a ‘genocop y’ 
of the antigenic determinant was incorporatedjn 
it s genome and transmitted to the progeny c ells 
(mHirecTtempIaleJ! ihis theory explained specTFi- 
cuy and the secondary response, but became 
untenable with advances in the molecular biology 
of protein synthesis. Bumet and Fenner were the 
first to explain the nonantigenicity of self-anti- 
gens by postulating the embryonic recognition of 
‘self- markers’. 




e ti y^aturai selection theory: Jerne (1955) rein- 
e y l reduced the concept ot the se feoTve function of 
/ antigens in his natural selection theory. This post- 
ulated that ab out a million globulin (antibodv l 
molecules were formed in embryonic life, which 
covered thtrfull range of amtgenic specificities, 
these gl obulins were th e natural antibodies *. 
\Vfien~d n antige n was introd uced, it combine d 
selectTvelywitETfie globulin" that had the nearest 
lUiupfemuiu uynr. Tlie-globulin, with iheenirv 
bihed~antigen. homed to antibody forming cell s 
and sti mulated them to s ynthes ise the samtT kin d 
o0nfiEody . Here, selection was postulated at tfie 
tevet of the antibody molecule. It did not explain 
the fact that immunological memory resides m 
the cells, and not in serum. 


. ‘i re ci template theo ries: Instructive theories 
/were proposed b y Breinl a nd Haurowitz (1930), 

Alexander (193 1) and Mtidd (19 32)-According ^Cl onal selection theo ry: Bumet (1957) proposed 
toTfiese the antigen (or the antigenic determi- ^This theory’ which shifted immunological specific- 
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ity to the cellular level. A similar theory was also 
proposed by Talmage. 

According to the clonal selection hypothesis, 

during immunological development, cells capa- 

b lc T>f reacting \TtTtnl rff cr cn t - a ntigens vvgr e 

formed bv a pr ocess of somati c mutation. Clone s 
of cells that had immunological reactivity ~wi7h 
' self-antigens were eliminated during embryonic 
li fe. Such clones arc callgcj 'forhulrlt -n clones ’. 

Tlicirpgrs^t tfte e tr r ^vetepmentTtf^ter life bv 
sonirtUc murailotyco uld lead to autoimmune pro - 
cesse s. Each immunocompetent cell was capable 
-of redding with one antigen (ora small number of 
antigens) winch could recognise and combine 
with antigens introduced into the body. The 
rcsutl of contact with the specific antigen was cel- 
lular proliferation to form clones synthesising the 
antibody. 

The clonal selection theory is more widely 
accepted than other theories, though it is unable 
to account for all the features of the immune 
response. A variety of modifications and alter- 
nate theories have been proposed in recent times, 
but none has succeeded in explaining all that is 
known of immunity 

As an explanation for the mechanism of regu- 
lation of antibody response, Jerne has postulated 
the network hsnoihemJ lie variable region of an 
i mmunogiobulin molec ul e carry ing the antig en 
combining site is different in different antibodies. 


'pie distinct aminoacid sequences at the ant igen 

c ombin ing site and adja cent parts oftHe v ariable 

regiorTare termed 'idiotypcs . The idiot vp e can. 
m turn, act as up antigenic ifr letminanl and 

i nduce nntidiotypic antibodies . These in turn can 

induce antibodies to them and so on, forming an 
idiotype network which is postulated to regulate 
the amount of antibodies produced and the 
number of antibody forming cells in action. 

The genetic basis of antibody diversity has 
been clarified recently. An individual has the 
capacity to produce millions of species of anti- 
body molecules. To have each such antibody 
molecule ‘to be coded for by a separate gene 
would require millions of genes to be set apart for 
antibody production alone. This would be obvi- 
ously impossible. The phenomenon of split genes 
explains this. The genetic information for the 
synthesis of an immunoglobulin molecule is not 
present in a continuous array of codons. Instead, 
this information occurs in several discontinuous 
stretches of DNA, each coding for separate reg- 
ions of antibody nfolcculc. As the constant reg- 
ions are identical for immunoglobulins of anyone 
type, there need be only one gene or a few genes 
for each constant region, as against a very large 
number of genes for the variable regions. By 
shuffling the genes during the" development, of 
lymphocytes, antibody specificity can be ampli- 
fied to cover billions of antigenic determinants. 
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Immunodeficiency Diseases 


Immunodeficiency diseases are conditions where 
the defence mechanisms of thcTiody-iiic-impair- 
cd, leading to repeated microbial infections of 
varying severity' and sometimes enhanced suscep- 
tibility to malignancies. Deficiencies of defence 
mechanisms may involve specific immune func- 
lions — humoral immunity, cell mediated immu- 
nity or both — or nonspecific mechanisms such as 
phagocytosis and complement, which augment 
and act in conjunction with specific immune pro- 
cesses. Immunodeficiencies may be classified as 
primary' .or secondary'. Primary immunodeficien- 
ctcs result from abnormalities in the development 
of the immune mechanisms. Secondary immuno- 
deficiencies are consequences of disease, drugs, 
nutritional inadequacies and other processes that 
interfere with the proper functioning of the 
mature immune system. 

PRIMARY IMMUNODEFICIENCIES 

The established types of primary immunodefi- 
ciency syndromes are listed in Table 17.1. 
Though primary deficiencies of specific immunity 
can conveniently be classified as those affecting 
B cell responses. T cell responses, or both, it must 
be realised that there is considerable overlapping 
due to the intimate interaction between the B cell 
and the T cell systems. For instance, T cell 
deficiencies involving helper or suppressor T cells 
will have a profound effect on antibody response. 

Humoral immunodeficiencies 

X-Iinked agammaglobiilinaemia: This syndrome 


described by Bruton (1952) is the first immuno- 
deficiency disease to have been recognised. It is 
seen only in male infants. Manifestations are not 
apparent till about six months of age due to the 
passive protection afforded by maternal anti- 
bodies The disease presents as recurrent serious 
infections with pyogenic bacteria, particularly 
with pneumococci, streptococci, meningococci 
Pseudomonas and H. influenzae. Patients res- 
pond normally to viral infections such as measles 
and chickenpox, though there have been reports 
of paralytic poliomyelitis and progressive ence- 
phalitis following immunisation with live virus vac- 
cines or exposure to wild virus. As a general rule, 
live microbial vaccines should not be given to 
children with any type of primary immunodefi- 
.ciency. 

All classes of immunoglobulins are grossly 
depleted in the serum, the IgG level being less 
than a tenth, and IgA and IgM less than a hun- 
dredth of the normal level. Tonsils and adenoids 
are atrophic. Lymph node biopsy reveals a deple- 
tion of cells of the bursa -dependent areas. Plasma 
cells and germinal centres are absent even after 
antigenic stimulation. There is a marked 
decrease in the proportion of B cells m circula- 
tion. Antibody formation does not occur even 
after injections of antigens. 

Cell mediated immunity is not affected. 
Delayed hypersensitivity of tuberculin and con- 
tact dermatitis types can be demonstrated. Allo- 
graft rejection is normal. Arthritis, haemolytic 
anaemia and atopic manifestations are frequently 
observed. However, the wheal and flare response 
of atopic hypersensitivity cannot be demonstrated. 
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The incidence of this condition has been 
reported to be one in a hundred thousand popula- 
tion in the United Kingdom. Its management 
consists in the maintenance of an adequate level 
of immunoglobulins. This can be achieved by the 
initial administration of 300 mg of gamma globu- 
lin per kg of body weight in three doses followed 
by m onthly injections oflOO mg per kg. The slow 
fractional catabolic rate of IgG in this condition 
enables the maintenance of effective levels with 
this dosage. Commercial preparations of gamma 
globulin contain only traces of IgA and IgM. To 
provide these, whole plasma infusions have been 
employed, the donors being tested for hepatitis 
and other transmissible infections. 

Transient hypogammaglobulinacmia 
»f infancy 

This ts due to an abnormal delay in the initiation 
of IgG synthesis in some infants. Maternal IgG is 
slowly catabolised in the newborn and reaches a 
level of 200 mg per 100 ml by the second month 
Ordinarily, the infant begins synthesising its own 
IgG by this age. When there is a delay, immuno- 
deficiency occurs Recurrent otitis media and 
respiratory infections arc the common diseases 
found in this condition. Spontaneous recovery 
occurs between and 30 months of age It may 
be found in infants of both sexes Treatment with 
gamma globulin may be required in some cases, 
but it is not recommended prophylactically. as it 
may contribute to prolongation of immunodefi- 
ciency by a negative feedback inhibition of IgG 
synthesis 

Common variable immunodeficiency 

This common form of immunodeficiency is also 
known as fate onset bypogammagbbulnutemia 
because it usually manifests only by 15-35 years 
of age It is characterised by recurrent pyogenic 
infections and an increased incidence of autoim- 
mune disease. Malabsorption and giardiasts arc 
common. The total immunoglobulin level is usu- 
ally less than 300 mg per 1QQ ml, with IgG less 


circulation in normal numbers, but they appear 
defective in being unable to differentiate into 
plasma cells and secrete immunoglobulins. In- 
creased suppressor T cell and diminished helper 
T cell activity have been proposed as a cause of 
this disorder. Treatment is by administration of 
gamma globulin preparations intramuscularly or 
intraderm ally.. 

Selective immunoglobulin deficiencies 

In these conditions, there occurs selective defi- 
ciency of one or more immunoglobulin classes, 
while the others remain normal or elevated. 
These ‘dysgammaglobulinacmias* arc common 
and have been reported to be present in about one 
per cent of all patients with recurrent infections, 
isolated IgA deficiency is the most common con- 
dition in this group, with a reported incidence of 
about 0.2 per cent in normal populations. These 
patients exhibit increased susceptibility to 
respiratory infection and stcatonhoea. IgA defi- 
ciency is often accompanied by atopic disorders. 
Anti-IgA antibodies are present in many of these 
patients 

Selective IgM deficiency has been found to be 
associated with septicaemia. Deficiencies of IgG 
subclasses have been observed in relation with 
chronic progressive bronchiectasis. 

Immunodeficiencies with hyper- IgM • In this 
group of immunodeficiencies, some of which arc 
X-I?nked and some inherited as autosomal reces- 
sive, low IgA and IgG levels are seen with ele- 
vated IgM. The IgM molecules appear to be nor- 
mal in structure and possess antibody activity. 
Patients show enhanced susceptibility to infec- 
tions and autoimmune processes such as throm- 
bocytopacnia, neutropacnia, haemolytic anaemia 
and renal lesions. Some patients develop malig- 
nant infiltration with IgM-produeing cells. Ele- 
vated IgM level with immunodeficiency is some- 
times seen in congenital rubella. 

Transcobalamin ll deficiency: In this disorder, 
inherited as autosomal recessive, patients show 
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TABLE 17 l 

Classification of primary immunodeficiency syndromes 




A, Disorders of Specific Immunity. 

). Humoral Immunodeficiencies (B cell defects). 

a. X-linked agammaglobulinaeinia/ y 

b. /Transienl. hypogammaglobulmaemia of infancy. 

c. 'Common variable immunodeficiency (late onset 

hypogammaglobulinaemia). " 
d Selective immunoglobulin deficiencies (IgA, IgM or IgG 
subclasses) 

e. Immunodeficiencies with hypcr-lcMT 

f. Transcobala mm il deficienc y. 

11. CeHular Immunodeficiencies (T cell defects). 

Thymic hypoplasia (DiGeorec’s syndrome)- 

b. Chronic mucocutaneous candidiasis 

c. Purine nucleoside phosphorylasc (PNP) deficiency. 

1(1. Combined Immunodeficiencies (B and T cel) defects) /s 

a. '.Cellular immunodeficiency with a bnormal immunuglphuhn y 
.^synthesis (Nezelof syndrome) c--" 
nT rtt^xia telangiectasia. • 

.'cr'ASbskmt-Aldrich Syndrome. r N 

^CjL^ununodeficiency with thymoma-^ ^ * oC-vtiX 

T ^^.Immunodeficiency uith short-limbed dwarfism O A"KJ • 

lymphopaenia with lymphdcytotoxin . 

g. Severe combined immunodeficiencies. 

•- l. “Swiss type’ agammaglobulinaemia. 

>/2. Reticular dysgenesia of de Vaal 


b 


\ 


jA 6 


C- 


4 






C(\u 

its 


jyy 3. ^.’denosinc deaminase (ADA) deficiency 


DisorSeFS of Complement. . ^ 


Complement component deficiencies 
b. Complement inhibitor deficiencies 
Disorders of Phagocytosis 
^o. Chronic granulomatous disease 
v-b. Myeloperoxidase deficiency. 
x^-^/Chediak - Higashi Syndrome 
VXf. Leucocyte G6PD deficiency. 
y/s. Job’s syndrome sj y 
^TT)Tuftsin deficiency. 
vg. Lazy leucocyte syndrome. 

^Ti. Hyper-IgE syndrome 
W. ^Actin-binding protein deficiency 
Shwachman’s disease. v 


CMC, {£, ]M^>- 



metabolic effects of vitamin dcfidency 
including megaloblastic anaemia and intestinal 
villous atrophy. Associated immunological 
defects are depleted plasma cells, diminished 


immunoglobulin levels and impaired phagocytosis 
Treatment with vitamin Bjj has been reported to 
restore haematopoietic, gastrointestinal and B 
cell functions, but not phagocytic actiyity . 
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Cellular immunodeficiencies 

Tftynitc hypoplasia ( DtGcot ge's suidrame); This 
is a developmental defect involving the endoder- 
mal derivatives of the third and fourth pharyngeal 
pouches, which leads to aplasia or hypoplasia of 
the thymus and parathyroid glands, it does not 
appear to be hereditary and docs not show a fami- 
lial incidence. It is probably due to some intra- 
uterine infection or other complication It is usu- 
ally associated with Fallot’s tctrology and other 
anomalies of the heart and the great vessels, and 
a characteristic facial appearance. Neonatal 
tetany is present Patients who survive the 
neonatal period show enhanced susceptibility to 
viral, fungal and bacterial infections, which ulti- 
mately prove fatal. 

The immunodeficiency primarily involves cell 
mediated immunity. Tlie thymus dependent 
areas of lymph nodes and spleen arc depleted of 
lymphocytes Circulating T cells arc reduced m 
numbers Delayed hypersensitivity and graft 
rejection arc depressed. The humoral immune 
mechanism is largely unaffected Antibody 
response to primary antigenic stimuli is normal, 
but secondary response to many antigens u 
impaired Transplantation of fetal thymus tissue 
has been reported to restore the immunological 
function 

C hrotiu mtuocuumeous candidiasis : This consti- 
tutes an abnormal immunological respohse to 
Candida albicans. Patients develop severe chronic 
candidiasis of the mucosa, skin and nails They do 
not show increased susceptibility fo other infec- 
tions. but often have endocnnopalhies Cell 
mediated immunity to Candida is deficient. In 
some cases there is a total failure of T cell 
response to any test antigen Delayed hypersen- 
sitivity to Candida antigens is absent, but circulat- 
ing antibodies to them are found in high titre. 
Intracellular killing of Candida is defective. 
Transfer factor therapy, along with amphotericin 
B, has been reported to be effective. 

Purine nucleoside phosphoryla.se (PNP) defi- 


ciency: The enzyme purine nucleoside phos- 
phorylase is involved in the sequential degrada- 
tion of purines to hypoxanthine and finally to uric 
acid. Patients who Have PNP deficiency as an 
autosomal recessive inherited trait show decreased 
cell mediated immunity and recurrent or chronic 
infections- They usually present with hypoplastic 
anaemia and recurrent pneumonia, diarrhoea 
and candidiasis. A low serum uric acid may point 
to the diagnosis. 

Combined immunodeficiencies 

Cellular immunodeficiency mill abnormal 
immunoglobulin synthesis (Nezelof syndrome): 
The term Nezelof syndrome has been rather 
loosely applied to a group of disorders, probably 
of varied aetiology, where depressed cell media- 
ted immunity ts associated with selectively ele- 
vated. decreased or normal levels of immuno- 
globulin. Consistent features are marked defi- 
ciency of T cell immunity and varying degrees of 
deficiency of B cell immunity, Patients are sus- 
ceptible to recurrent fungal, bacterial, viral and 
protozoal diseases. Abundant numbers of plasma 
cells are seen in the spleen, lymph nodes, intes- 
tines and elsewhere in the body. Thymic dysplasia 
occurs with lymphoid depletion. Autoimmune 
processes such as haemolytic anaemia are com- 
mon In spite of normal levels of immunoglobu- 
lins, antigenic stimuli do not induce antibody for- 
mation 

Histocompatible bone marrow transplanta- 
tion, transfer factor and thymus transplantation 
have been used for treatment, with success in 
some cases. Adequate antimicrobial therapy is 
essential. 

Ataua telangiectasia: This is a hereditary condi- 
tion transmitted in autosomal recessive mode, 
where combined immunodeficiency is associated 
with cerebellar ataxia, telangiectasia, ovarian 
dysgenesis and chromosomal abnormalities. The 
earliest signs arc ataxia andchorioathetoid move- 
ments which are noticed usually in infancy. 
Telangiectasia involving conjunctiva, face and 
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other parts of the body usually appears at five or 
six jeare of age. Death occurs due to sinopulmo- 
nary infection early in life, or malignancy in the 
second or third decade. The majority of patients 
lack serum and secretory IgA and some possess 
antibody jo IgA. IgE deficiency’ is also frequent. 
Cell mediated immunity is also defective, result- 
ing in an impairment of delayed hypersensitivity 
and graft rejection. The disease is progressive, 
with both neurological defects and immunodefi- 
ciency becoming more severe with time. Transfer 
factor and fetal thymus transplants have been 
tried wjtb some benefit. 

Wiskott-Aldrich syndrome : This is an X-hnked 
disease characterised hy eczema, thrombocyto- 
pacnic purpura and recurrent infections. Affec- 
ted boys rarely survive the first decade of their 
life, death being due to infection, haemorrhage 
or (ymphorcticular malignancy. Cctl mediated 
immunity undergoes progressive deterioration 
associated with cellular depiction of the thymus 
and the paracortical areas of lymph nodes. Scrum 
IgM level is low, but IgG and IgA levels arc nor- 
mal or elevated. Isohaemagglutinins are absent 
in the serum. The humoral defect appears to be 
specific inability to respond to polysaccharide 
antigens. Bone marrow transplantation and 
transfer factor therapy have been found to be 
beneficial. 

Immunodeficiency with thymoma: This syn- 
drome, occurring usually in adults, consists of a 
benign thymic tumour, impaired cell mediated 
immunity and agammaglobulinaemia. Aplastic 
anaemia is a frequent accompaniment. This is of 
historical importance as one of the experiments 
of nature which suggested the immunological 
function of the thymus. 

Immunodeficiency with short-limbed dwarfism: 
The features of. this condition arc a distinctive 
form of short-limbed dwarfism, ectodermal dys- 
plasia, thymic defects and enhanced susceptibi- 
lity to infection. These defects are apparently 
inherited as autosomal recessives. 


Episodic fympftopaenia with tymplmcylaincin: 
In this syndrome there occurs an episodic, bin 
profound, depression of T cell function by the 
action of u circulating complement dependent 
lymphneytotoxin. The toxin appears to be an 
antrlymphoeyre antibody. The patterns lack 
‘immunological memory so that the secondary 
antibody response is abolished. The disease is 
familial. 


Severe combined Immunodeficiencies- These 
include many syndromes with severe dclicicncv 
of both humoral and cell mediated immune 
responses. They ate inherited in Ihe autosomal 
recessive mode and the primary defects arc at 
the level of the early precursors 0 r 
immunocompetent cells in the fetal liver and 
bone marrow. Many distinct pa.rems of severe 

described. “ have bee" 

In 1958, Swiss workers reported agamma. 
globulmaemta wrth lymphocytopaenia and sesem 
defect in cell medrated immunity. This has been 
referred to as the ‘Swiss type agamntaglobu 
Iraacmra The basre defect is presumed to be a, 
the level of the lymphoid stem cell. 1 

The most serious form of combined immune) 
deficiency is the ‘reticular dysgenesis of dc Vu r 
Here the defect is al the level of the multip™' ' 
haemopoietic stem cell, as a result of wh' h 
there is a total failure of myelopoiesis leadi 
lymphopaenia, neutropaenia, thrombowo° 
paenia, anaemia and bone marrow aplasia Th" 
condition is invariably fatal in the first week of 
life. 

Adenosine deaminase (ADA) deficiency is the 
first immunodeficiency disease associated vvjtf, 
an enzyme deficiency. ADA catalyses the con- 
version of adenosine to inosine, an important 
step in purine metabolic pathway. How this defi. 
ciency causes immunological impairment is not 
clear. The range of immunodeficiency varies 
from complete absence to mild abnormalities of 
B and T cell functions. The condition h, 
associated with chondrocyte abnormalities which 
can be made out radiologically. 
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DISORDERS OF COMPLEMENT 

Complement component deficiencies: Genetic 
deficiencies have been detected for almost all. 
complement components in man. The defects are 
transmitted as autosomal recessive traits. 
Haemolytic and other functional activities arc 
completely restored by supplying the deficient 
factor. Complement component deficiencies 
have been frequently associated with systemic 
lupus erythematosus. Recurrent pyogenic infec- 
tions were found associated with C3 deficiency 
and ncisserial infections with deficiency of C6, C7 
and C8. 

Complement inhibitor deficiencies: Hereditary 
angioneurotic oedema is due to a genetic defi- 
aency^of Cl inhibitor. This relatively common 
defect is transmitted as an autosomal dominant. 
Androgens, aminocapioic acid and its analogue 
tranexamic acid have been found useful in the 
management of this condition. Plasma infusions, 
once recommended for treatment, have been 


progress is chronic and the outcome fatal. Chronic 
s uppurative granulomatous lesions develop in 
the skin and lymph nodes , along wit hjhepato- 
splenomegaly, progressive infiltration of lun gs 
and granulomatous septic osteomyelitis, Humoral 
and cellular immune responses arc normal. 

The bacteria involved in the recurrent infec- 
tions are catalase positive pyogenic pathogens 
such as staphylococci and coli forms. Catalase 
negative pathogens such as streptococci and 
pneumococci arc handled normally. Leucocyt es 
f rom the patients are unable to kill catal ase- 
positive bacteria following phagocytosis. The 
b acteria multiply in tnc cells amJHJdng piotect ed 
f rom a ntibodi es and antibiotics by 'thcir intr acel* 
\uUt position, set up chronic suppurative in fec- 
tion T he diminished bactericidal capacity of the 
phagocytic cells is associated with< £)lccrcase of 
some metabolic processes such as oxvcen~coiy 
sumption, hexose monophosphate pathway a cti- 
Vity and production of hydrogen peroxide. Th e 
diminished H 2 O 2 production appears to be"the 
major reason for the bactericidal defect, The 


given up as they were found to worsen the cond^^ leucocytes do not undergo dcgranulation follow- 


tion in some cases. 

The rare deficiency of C3b inactivator has been 
associated with chronic recurrent pyogenic 
lesions. 

DISORDF.RS OF PHAGOCYTOSIS 

Phagocytosis may be impaired either by intrinsic 
or extrinsic defects. Intrinsic disorders may be 
due to defects within the phagocytic cell, such as 
enzyme deficiencies. Extrinsic disorders may be 
due to a deficiency of opsonic antibody, comple- 
ment or other factors promoting phagocytosis, or 
to the effects of drugs or amineutrophi! autoan- 
tibodics. Phagocytic dysfunction leads to increased 
susceptibility to infection, ranging from mild 
recurrent skin infections to overwhelming sys- 
temic infection. 

Chronic granulomatous disease: This familial dis- 
ease manifests itself as recurrent infection with 
low grade pathogens, starting early in life. The 


ing phagocytosis. The delayed granule rupture 
and defective release of myeloperoxidase also 
contribute to inefficient bactericidal activity. 
Leucocytes from thi* patient fail to reduce nitriv 
blue tetrazolium (NBT) during phagocytosis. The 
property has been used as a screening method 
(NBT test) for the diagnosis of chronic granu- 
lomatous disease. % 

The disease shows two types of inheritance — • 
the more c ommon X-linked type seen in boys and 
the rare autos omal recessive type seen in girls. 

Myeloperoxidase deficiency: In this rare disease, 
leucocytes have reduced myeloperoxidase. 
Patients are particularly liable to Candida jil bi- 
, cans infection. 


Chedtak-Higashi syndrome: This is a genetic dis- 
order characterised by decreased pigmentat ion 
o f the skin, eyes and h air, -photophobia , nygjag-^ 
mus and giant peroxiclase pos itiveincTus ions in 
the cytoplasm of leucocytes.TRe inclusions may'"'' 
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be the result of autophagocytic activit y. The 
leucocytes po ssess "diminished phagocytic acti- 
vity. Patients suffer from frequent and severe 
pyogenic infections. 

Leucocyte G6PD deficiency : In this rare disease, 
’leucocytes are deficient in gl ucose 6 ph osphate 
d ehydrogenase and~5hg wguTnimhedj2actedcidal 
activity after phagocytosis. The condition resem- 
bfes chronic granulomatous disease in reduced 
myeloperoxidase activity and the susceptibility to 
microbial agents, -but the NBT test may be normal. 

Job's syndrome : This is characterised byjml-- 
tiple large ‘cold* staphylococca l _absces$es_con- 
laining abundant quantities of pus, occurring 
repea tedly on the skin and in various organs, wi th 
little intlammatory response. At opic eczema , 

c ommon features , me serum immunoglobulins 
are normal, except for elevated IgE. The 
pathogenesis of the syndrome is not clear, but 
proba bly it is a primary defect in phagocytic func - 
tiom 

T uftsin deficiency: A l eucokinin capable o f 
sti mulating phagocy tosis, discovered at the Tufts 
University, Boston, has been designated • tuftsi n*. 
Chemically it is a small tetrapeptide (Thr-Lys- 
Pro-Arg). Patients with tuftsin deficiency have 
been reported to be prone to local and systemic 
bacierialjn/ections. 

La zy leucocyte syndrome : Th e basic defect here is 
in c hemotaxisj in d neutrophil mobility. The bone 
marrow has a n ormal number of neutrophils, but 
there is a peripheral neutropaenia, with p oor 
leucocyferesponse tochemical and inflammatory 
stimulation. Patients show an increased suscepti- 
bility to bacterial infection , with recurrent stoma- 
titis, gingivitis and otitis. 

Hyper-IgE syndrome : These patients, of both 
sexes, have an early onset of eczema and recur - 
rent bacterial infecti on such _as absc esses, 

pneumonia and secondary infectionoF eczema. 


The organisms responsible include S taphylococ-rm 
au reus and Streptococcus pyogenes. Ce llular and 
humoral immune mechanisms are normal, but 
serum IgE levels are usually more than ten times 
the normal level. 


Actin-binding protein deficiency : Frequent 
infection and s low mo bility of leu cocytes r esult 
from defective actin-binding protein in these 
patients" “* “ ' 


Shwachman’s disease : In this conditon, f requent 
i nfections are found together with decreas ed 
neutrophil mobility, pancreatic malfunction and 
bone abnormaiitiesT rTT 

. tBM. iNte 

\STCON WARY IMMUNODEFICIENCIES 


A variety of factors such as malnutrition, maljg- 
nancy, infections, metabolic disorders and cyto- 
toxic drugs may lead to deficits in specific and 
nonspecific immunity. Secondary immunodg fi. 
ci encies are therefore very much m ore common 
t han primary deficienc ies. 

Deficiencies of humoral and cellular immune 
response may occur secondarily during the 
course of many disease processes. Humoral defi- 
ciency results when B cells a re depleted as in Ivm- 
phoid mali gnancy, particularly in chronic ly m- 
p hatic leukaem ia; wh en immunoglobulin cat abn- 
lism i s increa sed as ip nephrotic syndrome , when 
excessive loss of serum protein occurs as in' cxfok? - 
ti ve skin disease and in p rotein losing ente ro- 
pathies; 'and wfien excessive production of abnor- 
maP'TTTnnunoglobiilin s occurs as in mulcfb te 

my eloma (Jell medTated immunity is depressed 

in lv mnhoreticular malignancies, as in Hodgk in’s 

di sease; obstruction to lymph circulation or I Vm - 
phorrhoeas; when the thymus dependent areas of 
"lymph nodes are infiltrated with nonlymphc>id 
cells as in jepromat ous leprosy; and, transiently, 
following certain virafinfections such as measles. 

Nutritional deprivation affects both types of 
immune responses adversely. Ageing also causes 
waning in the efficiency of acquired immunity. 
Immunodeficiency follows the intentional or 
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unintentional administration of immunosup- the most important of secondary immunodefi- 
pressive agents.- dency diseases, is considered in a separate chap- 

Acquired immunodeficiency syndrome (AIDS), teT. 

Further Reading 

Chandra, R.K. ed. 19S3. Primary and Secondary Immunodeficiency Disorder, London: Churchill Livingstone. 

Rosen. F.S et al 1984. The Primary ImmunodeficieKdes. New Engl. J. Med , 311:235. 300. 

Stiles. D,P. et al. 1987. Basic and Clinical Immunology. 6th edn. Norwalk, Conn: Appleton-Lange. 

WHO Scientific Croup on Immunodeficiency. 1983 

Primary Immunodeficiency Disease Clin Immunol Immunopath 28 450 



i rt} 


A 


to 

JLO Hypersensitivity " j^w*, *=*'■" 

Xa6' 


wrr-U < 


Immunity wa s originally c onsidered a protective 
process, helping the body to overcome infectiou s 
age nts and their toxins, b ut this is only one aspect 
oFthe broad phenomenon o f immunity, 'which 
includes all manner of s pecific responses to anti- 
gens'”. Immune response may sometimes be in juri- 
ous to the s fiosT Sensitised individuals respond to 
subsequent antigenic stimuli in a heightened or 
exaggerated manner , leading to ti ssue damage, 
disease or even death ., The term hypersensitivi ty 
refers to the injurious consequences in thgLsen - 
sitised host , following contact with specific anti - 
gens. In pro t ective processes of immunit y, the 
focus of attention is the antigen and what hap - 
pens to it — for e xample, hilling ofa bacterium or 
neutral isjuion of a tfl xinr In hypersensitivity, on 
theothcr hand, a ntigens ar e of li ttle concern and 
often, they are noninjurious or bla nd substances 
such aS serum proteins . H ypersensitivity is c on- 
cerned wi th what happens to the hosyas a resul t 
of the immune reactio n. 

Consul erablVc on fust on is attached to the use 
of the term ‘allergy*. As originally used by von 
Pirquet, al lergy meant an altered state of react 
itvjo an ‘antigen . and included both tvnes of 
i mmune response s, pr otectiv e as well a s injuri- 
ous It is still used in this broad sense by some. 
Others use" the te rm allergy to mean all immune 
processes harmful to the host, such as h ypersen - 
sitivi ty and autoimmunity . Allergy is probably 
most commonly used as a sy nonym f or hyperse n- 
rifiiicy. It is sometimes employed in a narrow 
sense to refer to only one type of hypersensitivity, 
namely, *a tO£y* . 

For i nduction of frvpenggtf <1 f i vfftTeaerionsr the 


host should have hqd con tamvitfrthe antigen (aI-» 
lergen). The initial contact sensitises the immu ne 
system , leading to the priming of the appropriat e 
B or T lymphocytes. This is known as the ‘sen- 
sitising* orfBliming* dofe^) S ubsequent contact 


"with the allergen causes manifestations of hyper- 
sensitivity. This is known as the ‘shocking* dose. 


Classification of hypersensitivity reactions 


Hypersensitivity reactions have been classified 
traditionally into •i mmediate .* and ‘ delaVcd * 
based on the time required for a sensitised host to 
develonclinical reactions upon reexposure to th e 
’ antigentj The major differences between the 
immediate and delayed types of hypersensitivity 
reactions are shown in Table 18.1 . 

The immediate and dejayed reactions are sub- 
divide d into~se veral distinct clinical types: 


Immediat e h vnersensifi \itvi :•<* 
t Anaphylax is Nk** ^ 

■VArmbodv mediated cell damage vtX 
-4 - Arthus phenomeno n 
C 1 - Serum sicknes s ^ 


Delayed hypersensiti vity : 

- Tnlection f tuberculin Hvoe 
Contact dermatitis typ e 


Copmh s and Cell (19631 classified hypers en- 
s ilivitx fgactions i n tai ' mn^n.pei. basedonlhc-dif- 

sification, now w idely used, is outlined below; 
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Distinguishing features of Immediate and delay ed tjpes of hy persensilh ity 


Immediate h) penensith ity 


.^ Appears and recede* rapidly . 

7j j Induced bv a ntigen s or haplfjis.by 
^ an y rout e. 

/<S Circulati ng antibodies present and 
O' r esponsible for reactio n; 
t vNXiX^ r-^ gntibisdy m cdiatctllieaciion . 

Pas sive transfer possible wit h 


O cscnsitmnon eas y, but 


0 P cscnstttsa 
short iimj. 


D elayed hyperse nsitivity 

Appea rs slow ly. la sts ion per . 

Induced by in fqcjion . injcflicimf 
a ntigen tntradcnnajjy or with 
F reund’s adiuvan t or hy sUn contac t . 
Circ ulating antibodies mavbc 
a bsent and not re sponsible for 
reaction ; 'cellingifi nlydircaclifl n.-M . 
Cannot he transferred with serum: 
transfer possible with lymphocytes 
or transf er facto r. 

Pesensit isation difficu lt . but 
iong lastmg . 


^ Tfpe ! : ( Anaphylactic - rcagin dependent). 
Antihoshes (’cytotropic' antibodies) .ire fixed on 
t he surface of tissue cells (p jast cells and 
b asophils) in sensitised individual s. T _hc antigen 
.combines with the eel) fixed antibody, leading to 
re lease of plmrinticotpgiy. il TC^Tctive .suhsupces 
(vasoactive amincsT which produce the clinical 


reaction 

//• ( C v t atoxic or cell stimulating) . T htsivpy 
of reaction is initiated by antibodies that react 
vyttlt either antigenic components of cell or tissue 

, tnl lmjtVlv associated w ith c ell* Cell damage 
■^ occurs tn the presence of complem e nt or mono- 
■o Ucic.tr celts Combination VM th ■.mtibsy.lv m.w . $n 
some mstancesT catisc slifnulaildti insteatPoT 
dlnh.iuc An cxTmipfc isthc ^Ioihiraviing tnvroid 
^tin rnlajpr' (l.ATSl . an antibody agai nst so me 
determinant on thy roid cells, which stimulates 
e xcessive sec r etion o f thy roid hormone, T> pc l\) 
i c~uons .irci nlamciUjlc bet t v cen h \ pcrTcmtlf/ 
vttv (txuLudminmuruU . 

rt/v/// f immuneyptp^-x n r toxic complex <lis- 
case). Hcrtlhe damag e )s caused by aniieen-anti- 
both yompl uxes- These may precipitate in and 



around smatl blootLv^Sifiis caustngjlmugc to 
cells secondarily I dr on memb ranes i nterfering 
w ith their fu nction. In antigen excess. soltthlexU; 
cul ating com plexes may bc-focmcd Avilli npi i- 
bodies, These may be d eposited on blood vesse l 
walls or o n~~thc b asement membrane , causing 
local inflammation and massive complement nctl* 


vatton. ^ ^ ^ 

(Dclai ct?or cell medijlccl hypersensiti- 
vity ). This is one aspect ure ell mediataT immu- 
ntfy. T he antigeiuctivatc sxpe cificaUvj tg nsilised 
v T Ivmphocvtes. leading to the .sccteiio n of lym - 
phokincs Locally, the reaction is manifested by 
.i nfiltration w it h mononuclear cells . 

The classtficatuMV and sonic oLtf'C .features of 
hypersensitivity reactions are shown in .Table 
18.2. 

Tltc four types of immunopathog cnic media- 
ntsms described abo ve a re not. mutu ally exclu- 
siyp Any give n hypersensitive rea cti on or ot her 
i mmunological "process mav^compmC con> nt>- 
*tt icnts of more than one , or all of th ese mecha- 
nisms. The patho logy and clinical fea tures planch 
tnimunolo.doldis cascs^uld_aK«iiicinflueacyd 
by the com n butions of many nonimmnnc-b odv 
mechanisms such as inflammation. complement . 
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co agulation , f ibrinolvtic ami ki ninogenic sys- 
t ems. collectively called humoral amplificatio n 
systems. Cl d-C 


Tj pe I reactions: Rgaginic 


Anaphylaxis: This is the c lassical immediate 
bvpersensjtivjty .reacti on T he term anaphylax is 
( Ann— wi thout, phylaxis— pr otection) was coined 
by Rjche t (1902) to describe his observation that 
do gs which had sumvc'tfastiblethai injection ol n 
toxic extract of' sen anemones, were rendered 


highly su 


»Tg nA g ,m i . T id; T 4. «i^ imuti 


is introduced pare pterglh^ hut mav occur by any 
Toute, i he 1 ud i iVgj rigest i on or inhalation. In sus- 
ceptible species, very minute doses canscnsitisc. 
Antigens a sjvvelL as haptens can induce ana phylaxis. 
Tnere shou ld be an interval of at least 2-3 week s 
between t h pse nsi tTstngah (j/hoc k i ng dusgs^ Qric'c 
sensitised, the individual remamsso for long 
periods. The s hocking dose is most effective /j 
when injected intravenousK y l ess effective ^ 
t mTapcriloneally or s ubcutaneously and least 
ffect ive mtradcrmnllv . The shocking antigen 
should be identical or immunologicallv closely 



'phenomenon-cou 
serum also. 


e in duced with normal reaction jyc known as Target tissues or ‘shock 
organs’. Other c h a nge s _sc e nj n an a p hyl axis 1 or? 
' ''3 N p A faAuJif 



TABLE 18 2 


Types of 

hypersensitivity 

reactions and their features 

T\peof • 

Clinical s) ndrome time required 

Mediators 

reaction 


for manifestation 

- 

Type 1: Reaginic 

1 Anaphylaxis 

Minutes , 

JsS;' 

2 Atopy 


C. Histamine and 




other pharma- 
cologicalagents 

Type H: Cyto- 

Antibody media- 

Variable:' , 

IgG:!gM.C ^ 

lytic and 

cd damage — 

hours to 

cytotoxic 

thrombocytopae- 
nia, agranulo- 
cytosis, haemoiy- 

days 


" 

tioanaemia, etc 


\ 

Type III: Immune 1. Artbus reaction Varibale: 

lgG: IgM , C 

complex disease 

2 Serum sickness 

hours to days 

leucocytes 

Type IV: Delayed 

1 Tuberculin 

Hours to 

T cells; lympho- 

hypersensitivity 

2 Contact derma: 

days 

kines; macro 


titis 


phages 



TEXTBOOK OFMICROBIOLOGY 


oedema , decreased coagulability of blood , fall in 
blood pres sure an d temperature , leucppenia and. 
t hromboevtonaenia . 

Ther e, exist c onsiderable species variations in 
susceptibility to anaphylaxis. Guinea pigs are 
hi ghly susceptib le and rats very resistan t. Rabbit, 
dog~a nd man are of intermediate susceptibil ity. 
Anaphylaxis can be readily induced in guinea 
pigs. If a small dose of egg albumin i s injected 
i nTrapcritonenllv . f ollowed 2-3 wee ks Jater by a 
sl ightly l arger dos e of the sam e antig en jntfaven- 
ously, the guinea pig will exhibit a d ramatic seej u- 
cn cc o f events Within minutes the animal 
bccomes jrrita hle. s neezes , coughs , e xperienc es 
respiratory distres s, develops convulsions and 
| dies. The heart conti nues to beat for some time 
-after thcLrcsniralioniia s stopped . At autop sy, the 
l ungs are markedly emphysematous and d o not 
col l.ips ^ when the t horax is opene d or even when 


A drenaline is to be administere d , 0.5 ml of a 
1 in lOOOsoIution, su bcutaneous ly or lntramus cu-' 
f arly^ the d ose being repeated upto a total of 
2imnb o vcr 15 minutes if necessary . 1 ' 


Cutaneous anaphylaxis: When a smal l shocki ng 
dose of an antigen is administered inira de rtrtal ly 
t o a sensitised host tJthere will be a Iocgl * w hcal 


juu^rflare l, ^r esponse (local an a phy laxis ft^tfie* 
puffiness cl 


v s heal is a pale , c cntraTarea ol puTHness due to 
oedemaT wTflch is surrounded by a fl are caused b y 
hvpcracmia and subsequent erythema . Cutaney.. 
ous anaphylaxis ( s kin test for Type 1 hvncrsen -7 
sitivity l is useful in t esting f or hypersensitivity 
and in identifying the allergen responsible in 
atopic disease s. I n htghly sensitise d individuals, 
e ven the skin test may lead to serio us and even 
fatal reactions. He nce a svrin qc loaded w itlli 
(i(kcntilmihQidd alwax s-bnkwi ready whenever in 


the) arc cut intopieccs . The shock organ is tf ttx^ ^ kt/t testh performed toxietect anaphylactic hyper - 1 
lum>. Death is due to constriction of the smooth sensitivity. * 


mnj*. I ___ 

muscles of the bronchioles causing respiratory 

.stamKfllb —T 

C" In the r.ibhi i.C deaUi in anaphylactic shock ) is 
d ue jo constriction o? the pulmonary ariery uind 
Us branches , leading to 


sensitivity. 

Passive cutaneous anaphylaxi s (PC A ): This test 
developed by Ovary (195 2) is an extrem ely s ensi- 
tive in vivo method fo r detection oTaruUnKlies. A 

_______ _ s malt-volume 61 the antibody is injected infratl cr- 

riglit side of the hear t R espiratory movemcnfe siftinall y into a normal animal. If th e antig en, alon g 
^c ontinue after the cessation of the henrf bca t.Tn wi th a dye s u ch as Pvpns. hlu n. is i njected 
dogs, the rcactionTs slower and takes l-2hours. int ravenously 4-2 4 hours afterwards, t here will be 
There is i ntense prostration with a profound fal l ait immediate hluc ing.at_lhe_s itc of intraderm al 
of blood pressu re there is c onstriction of the mjeettan due to va sodilatatio n and i ncreased 
-hcf^Uic venous system with g ross cngorgcment~f c apillary permeabilit y ( wheal and flare reaciio ihl 
* flic liver . In man, fatal nnaphvlaxi s is fortunatcIyN frCA C3n be used to detect human IgO antibod vE^ 
rare S ymptoms and signs of anaphylactic shock w hich is ‘he^e^ocytotron7c t, (capable of fixing to 
begin wilfyitcliing of the scalp and tongutjl flush - cells of other species) . but not IgE which is 
mg of the skin over the w hole body and d ifficulty bomocvtotmpic’ (capable of fixing to" cells of 
lue to bronchial spasm There may' homologous species only). 


be n ause a, vomiting , abdominal pai n and diar- 
rhoea sometimes with blood i n the stoo l. Acute 
i hypotension . loss of consafTUSiie ss and death tol- 
low l luma n anaphylaxis, once common ly asso- 
—ctatctl wuli/ licternlogous scrum thcrap^ .ls now 
seen mostly following antibiotic injection s* 
Insect sting s can also cause anaphylaxis in man 


Ana phylaxis in \ itro : Isolated tissues , such as 
i ntestinal or uterine muscle str ips from sensitised 
guinea pigs, held in a bath of Ri nger’s solu tion will 
c ontract vigorously on addition "of th c_spccific 
.-ft YfigcnTo the h atli. This is known as the Schultz- 
Dale plSHameno n. The reaction is specj fic and 


Prompt treatment with adrenalin_can.be lif e- will'bc elicited only by lhe~3nrtgcnTo winch the 
si) vine. animal is sensitive. Tissues from normal animals 

h'' 
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can be passively sensitised by treatment with .t raction in diverse tissues an d organs , including 
s erum from sensiti sed animals. - /ff vasculature, intestines uterus an d especiallyTh tT 

r^{>4 ^ j 'b ronchioles '. It al so stimulates secretion s (sec- 

Mec hanism o f a >}dph\Haxi$ : Anaphylactic hyper -' retogogue effect ). 


s ensitivity can h e passively trancferredTrom a 
sensitive, dono r to a normal recipient hv injection Serotonin ( 5-hydroxy trvptamine): This is a base 
of serum . This passive s ensitisation establishes derived*^ decarboxylation of tryptopha n. It is 
that the reaction is dete rmined by circulating ^/ found in the in testinal mucos a, br ain “tissu e and 
antibody. ^Tlomocvtot'ropic i gTT^TTibUtiy^rsrtt^ It causes smooth muscle c ontract ion , 

major^antibody responsible for anaphylactic increased capillary permeability and vasocon- 


hy persensitivity. Iia a lesbl't extent. hei erocyto - 
tropic IgG may be responsible. 

I gG molecule s are boun d to s urface receptor s 
on mast„cclls i n tissues and basophils in circula - 
tion Following exposure to the s hocking dose , 
the antigen molecules combine wit h the c ell 
bound IgE .'bridging the g ap betwee n a djacen t 
antibody-molgciiles. T his cross linking increases 
t he permeability of the cells to calcium ions and 
Pl eads to degranulanon . with release of biologi- 
cally a ctive substances c ontained in the j ranulg s. 


striction. It h, important in anaphylaxis in rats and 
mice, but its nale in man is uncerta inly. 


Chemotactic factors : The eosinophil chemotact ic 
f actors of anaphylaxi s (ECF-A) ar e acidic tet- 
rn peptides - released from mnsp ,cpll granules 
w hich are s trongly chemotactic for eosinophil s. 
These probably contribute to the eosinonhilia 
accompanying many hypersensitivity state s. A 
high molecular weight chemotactic factor has 
been identified, wh ich attracts neutrophils . 


The manifestations of anaphylaxis are due to they/ Heparin i s an acidic mucopolysaccharid e. It con- 


p liannacologica) mediators, wi nc h are dTTwo tributes to a naphylaxis in dog s, but apparently 
kinds — th e primary’ mediatorxwhirh are the pr^ not in man , 
f ormed contents of mast cell and basophil- 

g ranules, (histamine. serotonin, eosinophil che - Secondary mediators of anaphslaxis 
motactic factor of anaphylaxi s, neutrophil chemo - 
tact ic factorT heparin and v arious proteolyti c 
enz ymes) and t hesecondarv mediator s which are 
newly f ormedupon stimulation hv mast cells, 

^ basophils an d "o ther 'leucocytes ( slow reacting 
' s uhstnnceTof anaphylax is, prostaglandins _and 
pla telet activating factor) . f<A * 


S low reacting substance of anaphylaxis ( SRS-A) . 
This is so called because of the slow but sustained 




nary' mediators of anaphylaxis 


Histamine : This is the most important vasoactive 
a mine in human anaphviaxis . Histamine is tor- 
med bvtfie decnrhoxvlatibtmf .histidine f ound in 
th e granules of mast cells , basophils and in plate- 
lets Rel eased int o the skip . histamine stimulates 
sensotv nerves , producing burning and itching 
sensations. It causes vasodilatation and hvper- 


co ntraction of the s mopth ppiscl.^s that it cause s. 

It is produced by leucocvte? ! mainl y in Jiine s.- 1 ^ 
They act on the sm ooth muscle s of the larger 
blood vessels and o f the bronch i and may be 
r esponsible fo r the prolonged respiratory distress 
in ast hma. They are much more potent broa - 
choc onstrictors t han histamine and are not inh i- 
bited byantihistaminics/p 


a emia by an axon reflexj flare etlectl and o edema 
by increasing ca pillary permeabili ty ( whea l 
effect ) Histami ne induces smooth muscle ron - 


P rosraglandin s and ieukotricn es : They are derived 
b y two d igercht-ytathwaysr-from arachidonic acid , j. 
w hich is formed from disrupted cel) membrane s 
of mast cel I sland o ther leucocytes : Thejipoxyge.- 
nase pathw av-leJ^joThe! jormatiort-o£Jeuko - 
tnenes . whil e the cyclo-oxygenase p athwavJeads 
to pro staglandins .and throm boxane. P rostagfan- 
din F2a and thrombo\anFA2Trre powerful^ but 
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t ransient , bronchoconstrictors . Prostaglandin E2 
' is a bronchodilator . Prostaglandins also affect 
s ecretion b y mucous pland s Tplatclet adhesion , 
nermeabiltty and dilatation of capillaries and the 


P latelet activating facto r (PAF). PAEJs a low 
mo lecular weight lipid released from basophils 
t iming, i mmediate hypersensitivity . It causes 
;ifi> rcpntion'of platelets an d release of their vaso- 
Tr ctivc amin es — 

Other mediators of anaphjlaxis 

Besides the products of mast cells and other 
leucocytes, -several other biologically active sub- 
stances have been implicated in anaphylaxis 
These include the an aphylatoxins released fry 
c omplement activation and b rndvkinin and othe r 
kimns formed from plasma kininogens. 


Anaphylactoid reaction : Intravenous injection o f 
peptone , trvpsm a nd ce rtain dt henJsiibstdnccs 
* pr ovokes.a clinical reacti on Resembling anaphy- 
la ctic shock. This is termed ‘anaphylactoid 7e- 
Hctton'. The clinical resembla nce is due to t he 
same c hemical mediators partic ipating m b oth 
the~~re'a ct7ons The ~ only difference is that 
a naphylactoid shock has no immunological basiS I 
a nd "is a^ nonmecilic-mechjmsm-invQlvin gLiliey 
activation of complement- and t he release of 
anaphylatimn^ ' 


termed as ‘reagin’ antibodies. Atopic sensitisa- 
tion is developed spontaneously - following 
natural contact with atopens. It is difficult to 
induce atopy artificially. 

Predisposition to atopy js genetically deter- 
mined. Atopy therefore runs in families. What is 
inherited is not sensitivity to a particular antigen, 
or a particular atopic syndrome, hut th e tendenc y 
t o pro duce rpitflin nniihnrty in unusually large 
quantities. All individuals are capline of forming 
reagin antibody in small amounts, but in atopies 
the reagin response is preponderant. About 10 
per cent of persons have this tendency to over- 
produce reagin. It has been reported th at bottle, 
fed infants ten d to develop atopy in later life 
m^reolten m an breast ted ba bies. ~~ 

Atopic reagin isnow known to be IgE anti- 
body. Till recently, it was considered to be a 
unique type of antibody characterised by the fol- 
lowing features. 

3. Reagin could not be demonstrated by m 
vitro serological reactions such as precipitation or 
complement fixation. It is now possible to detect 
IgE by such sensitive in vitro techniques as pas- 
sive haemagglutination or radio allcrgo-sorbent 
test (RAS'T). _ . 

2. Reagin was believed to be synthesised only 
in man. Injection of human serum rich in reagin 
into animals did not transfer atopy passively. It is 
now possible to induce atopic sensitivity in guinea 
pigs, though with difficulty. . . 

3 Reaginic antibody has an affinity- for skin 
cells. This is the basis of the Prausnitz-Kustncr 


Atopy 

The term ‘atopy’ (literally meaning out of place 
or strangeness) was introduced by Coca ( 1923) to 
refer to n aturally occurring familial hyp ersen- 
sitiv ities oL_man, typified by hav feve r and 
• asthma. The antigens commonly involved in 
atopy are characteristically inhalants (e.g.. pol- 
len, house dust) or ingestants (c g., eggs, milk) 
Some of them are contact allergens, to which the 
skin and conjunctiva may be exposed These ato- 
pens are generally not good antigens v\ hen injected 
parcnterally, but induce IgE antibodies, formerly 


(PK) Teaclion, which was till recently the only 
method available for delecting reaginic antibody. 
Prausmtz and Kustner (192I) reported that if 
serum collected from Kustner, who had atopic 
hypersensitivity to certain species of cooked fish, 
was injected intracutaneously into Prausnrtz, fol- 
lowed 24 hours later by an intracttlaneous injec- 
tion of a smalt quantity of the cooked fish antigen 
into the same site, a wheal, and flare reaction 
occurred within a few minutes, As reaginic IgE is 
homocjtotropic, the test has to be carried out on 
human skin. It has the risk of transmission of 
serum hepatitis. 
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4. Unlike other antibodies, reagin is heat sen- 
sitive* and is inactivated at 5fi^C~in 2-4 hours. 
Heating appcarsio damage thpfrfcart of the IgE 
molecule, which is necessary for lixa\ion to cells . 

5. Reagin antibody does not pass through the 
p lacenta. 

Atopic sensitivity is due to an overproduction 
of IgE antibodies. This is often associated with a 
deficiency of IgA. This association had led to the 
suggestion that Ig A deficiency may predispose to 
atopy. The distribution ot lymphocytes capable 
of synthesising IgA and IgE is closely parallel, 
especially in the Su bmucosa . In normal indivi- 
duals, the inhalapt and ingcstant antigens are 
dealt with by fg/ninmgth e re spiratory and in tes- 
tinal mucosa and theretore they do not come into 
contacT with^thc potential IgE producing cells. 
When IgA is deficient, the' antigens cause mas- 
sive stimulation ot IgE forming cells, leading to 
overproduction of reagftTT 


effected by a series of weekly or biweekly injec- 
tions of increasing amounts of the atopen. An 
alternative method is ‘depot therapy’ (injection 
•of the allergen in an oil adjuvant). In this case, 
desensitisation is due to the production of IgG 
(blocking) jmli todies, which by competition pre- 
vent thecombination of the allergen with th e cell 
fixed reagin antibo dy. Prior to desensitisation, 
the allergen nas to oe identified by skin testing 
with all the susp ected antig ens. Test kitscon tain- 
ing common allergen s are available for this pup - 
pose. * 


Type II reaction: Cytolytic an d cytotoxic 


These reactions involve the combination Q fJgG 
or Ip M antibodi es with a ntigenic determinants on 
t he surface of cells leading to cytotoxic or cytoly- 
t ic effects . Examples are l ysis of red cell s caused 
h^c mt^cn'throcyte antibodies f in autoimnwpe 
a naemia s an d haemolytic disea se of the ne w bor n. 
Alternatively, a free antigen or hapten may be 
a bsorbed on cell surfaces . Subsequent reaction of 
the combined antigen or hapten with its corres- 
ponding antibody leads to cell damage. Many 
d rugs may'a ct in t his manne r and cause comple- 


The symptoms of atopy are caused by the 
release of pharmacologically active substances 
following combination between the antigen and 
the cell fixed reagin. The clinical expression of 
atopic reactions is usually determined bj^thepor- 

tal 9 f epuy'of the antigejv-?- conjunctivitis, T .. - 

rhiniti s! gastrointestiWsymptonTs ' and dci- ment mediated Ivsis of red cel ls, le ucocyt e? and 
matil is tpllqyying exposiji^fiirough the eyej b~~"'p latelets . A classical example is sedornud pur ^i 
respiratory tract, intestineor skin. respective lyT"* nura When the sedative drug sedormid (now no’ 


Sometimes the effects may be at sites remote 
'from the portal of entry — e..g., urticaria follow- 
ing ingestion of the allergen . 

Specific desensitisation (hyposensitisation) is 
often practised in the treatment of atopy.- When- 
prophylactic or therapeutic sera arc to be 
administered as an emergency in persons who are 
hypersensitive, the method of desensitisation 
consists of giving a senes of carefully graded 
injections of the serum, beginning with minute 
doses and continuing over a period of fr-8 hours. 
The full dose can then be administered without 
danger. The desensitisation is temporary’ and is 
believed to result from slow exhaustion of the 
store of intracellular histamine irt mast cells by 
the repeated injections of the allergen. Desensiti- 
sation against atopens, such as pollen, can be 


longer used) is administered, it combines with 
pl atejets . altering their surface a ntigenicity . 
Antibodies are formed agai nst the sedompd 
coated piateiel antigens . \V hen the dmgjs_gocn 
s ubsequen tly, the .antibodies attack the platelets 
c ausing thrombocytopaenicpurpjjra ^vlany other 
drugs. includuT^ sniptionalnides. thiazide ditirc - 
tics, chlorpropamide and quinidine, cause such ’ 
-purpura. ~ 

7‘T . ' 

Type III reactions: Immune complex diseases 


A nhu 'j—reaciinn • Arlims (1903) observed that 
when rabbits were injected subcutaneously 
repeatedly with normal hocs g_ seru m, the initial 
injections were without any local etfect. but with 
later injections, there occurred intense local rcac- 


reduce th e blood suppl y an d lead to tissue ncc* 

rosis Arlhus reaction can be pa ssively transfer ^iT} peJXttactions: Delayed hi perseasiUiity 


red with sera containing jirecipitating antibodies 


Serum sickness: This is a svstemie form of Ty 


Type [V hypersensitivity reactions (delayed 
hypersensitivity) constitute o ne as pert-oLxell 
e III me diated immiip|| v. These are provoked by 


hypersensitivity . As originally described hv von s pecific antigen s, c yol ve_slojy ly a rid .consjst pLa 


Pirquet a nd gchjck ( 1905). t his appeared 7-12 days 
following a s ingle inicetio n of a high concentra - 
tion of f oreign serum such as di phtheria anti - 


mixed cellular reaction involvi ng, l y n jphncy jfr^ 
and macrophages in~pnrticnlar. The reaction is 
not induce d b y circulating antibody , but by sen* 


toxin . The clinical syndrome consists of feygr, s itiscd T cell s, which, on contact with the specific 
l ymphadenopathy , splenomegaly, arthritis , glo - antigen , release lymphokmes that cause biologi- 
mer ulonephc ilis. endocarditisTvasailitis, urti- cal effects on leucocytes, macrophages and tissue 


mer uloneph cili s . ejdocardm T. vasciilitis. urti- cal effects on leucocytes, macrophages and tissue 
camLrashes, ahdominai pa in, nausea and v omit* cells. Delayed hypersensitivity cannot be pas* 
iqg, The pathogenesis is the formation of immune sivcly transferred by serum, but can be by lym- 
c omplexes (consisting of the foreign jserum and phocytcs or by transfer factor. Two types of 
a ntibody to it that t£adiesJiigh enoughji tres by delayed hypersensitivity are recognised — tuber- 
7 -12 days ), which get deposited on the e ndoth e- culin (infection) type and contact dermantistype. 
h al lining of blood vessels m various parts of t he 

liady, causin g infla mmato ry in filtration. The Tuberculin (infection) type: The archetype of 
plasma concentration of complement faUsduejp delayed hypersensitivity is the tuberculin reac- 
massive compIent enLacUvatkm and fixation bv tion. When a small dose of tuberculin is injected 
the anti g en-an t ibody com plexes. The disease is intradcrmally m an individual sensitised to tuber* 
s elf-Umitgj j. With continued rise m antibody pro- culoprotein by prior infection or immunisation, 
duction, the ummwexQmpJexes become largerin an indurated inflammatory reaction occurs at the 
si7.e and more suscept ible to phagocy tosis and site within 48-72 hours, In unsensitised mdividu- 
i mmune elimina tion. Wh en all fo reign antigen is ols, tuberculin injection provokes no response 
thus .eliminated and free^ant ibody appe ars, the The tuberculin test therefore provides useful 


symptoms clear without any sequelae . The k 
' sic kness following a single injection . With 


. The latent *'? indication of the state of delayed hypersensitivity 
<f for se rut x\j (cell mediated immunity) to the bacillus. The 
. Withsub^ tuberculin test differs from the skin test forType I 


sequent injections, the disease manifests earlier, hypersensitivity not only in the longer interval 
Serum sickness diffe rs from other types of hvpe r- for appearance, but also in its morphology and 


sensitivity reaction in that a s in g le injection caifi 
se ;rve hoth as the sensitising and shocking dose / 
- •MTieiexolopous setum injectio ns ar e not usea 


histology. 

Tuberculin type of hypersensitivity is 
developed in many infections with bacteria. 


of ten, .now, the syndrome is currently more com- fungi, viruses and parasites, especially when the 
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infection is subacuie or chronic and the pathogen 
intracellular. A similar hypersensitivity is deve- 
loped in allograft reaction and in many autoim- 
mune diseases. 

Contact dermatitis type: Delayed hypersensitivity 
sometimes results from skin contact with a vari- 
ety of chemicals — metals such as nickel and 
chromium, simple chemicals like dyes, picryl 
chloride, dinitrochlorobenzenc, drugs such as 
penicillin and toiletries. Sensitisation is particu- 
larly liable when contact is with an inflammed area 
of skin and when the chemical is applied in an oily 
base. Antibiotic ointments applied on patches of 
dermatitis frequently provoke sensitisation The 
substances involved are in themselves not 
antigenic, but may acquire antigenicity on combi- 
nation with skin proteins. Sensitisation requires 
percutaneous absorption. As most of the sub- 
stances involved are fat soluble, passage along 
sebaceous glands may be the method of entry of 
the allergens. 

Contact with the allergen in a sensitised indi- 
vidual leads to ‘contact dermatitis’, the lesions 
varying from macules and papules to vesicles that 
break down, leaving behind raw weeping areas 
tjpical of acute eczematous dermatitis. Hypersen- 
sitivity is detected by the ‘patch test'. The 
allergen is applied to the sktn under an adherent 
dressing. Sensitivity is indicated by itching, 
appearing in 4-5 hours, and local reaction which 
may vary from erythema to vesicle or blister for- 
mation, afle r24~48b(WJSi 

Shuartzman react! 

This is not an immune reaction, but rather an alt- 
eration in factors affect i ng int ravascular coagula^ 
tion . It is ^traditionally described along with 
hypersensitivity reac tions because of a su perfic ial 
resemblance. * 



Shwartz ma n (1928) o bserved that ifa culture 
filtra te of S. lyphij s injected intraderma lly in a 
rabbi t, follow e d, 24 h ours later by the sa me~ff[~. 
trate intrav e nously , a haemorrhagi c necr otic 
lesion develo ps at the site of the intradermal 
injecti on. The intradermal and intra v enous inf ec- 
tions need not be of t h e same or even rela ted 
endotoxins. Culture suspensio ns or filtrates nfTi 
variety of bacteria will sensitise the sjon to 
intravenou s injection by an equally wide variety 
of cultures or filtrates. This absence of specifi- 
city and the short interval between the two doses 
preclude any immunological basis for the reac- 
tion 


The initial '(preparatory.) d osejs^characteristi- 
cnd otoxitf r l'he intr aven ous (proyoca- 


call y ane 

live) injection can be a variety of substance s — 
"bacterial endo toxins, a ntipe n- antibod y com- 
plexes, starch, sejum, kaolin and o ther s The 
preparatory iniection causes .accum ulation of 
leucocyte s which condition the site by re lease of 
lysosomal enzymes damagi ng 'capillary wglk. 
Following the provocative dose , there occurs 
i ntravascu lar clottin g, thte thrombi leading to nec- 
rcsi&of vessel walls and haemorrhage. 

If both the injections are given intravenously, 
the animal dies 12— 24_ hours after t he s econd 
dose. Autop sy shows bilateral cortical necrosis of 
the kidneys and patchy haemorrhagic necrosis in 
the liver, spleen an d othero rgans. An essentially 
similar phenomenon wasjlPscnhed.hy..Sanar.&Hi 
( 1924 1 in experime nt?* rtmlpra. The reaction i$ 
therefore called the S &nare JJj -Sbwertzmep reac- 
tion or the gener alised Shwnrtzmnn renrtion . 

’"it haF been suggested that mechanism similar 
to the Shwartzm an r eacti on may operate in so me 
clinical conditions such as the purpuric rashes of 
meningococcal septicaemia and the acute hae- 
morrhagic adrenal necrosis found in overwhelm- 
ing infections (Waterhouse-Friderichsen syn- 
drome). 


Further Reading 

Brennan, C.W. and Pearlman. D S. cds. 1987. Allergic Diseases of Infancy. Childhood and Adolescence. 2nd Edn Philadpt. 
phia. Saunders > 
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Autoimmunity 


Self-antigens are not ordinarily immunogenic. 

■^Ehrlich (1901) observed that goats produced 
antibodies against erythrocytes from other goats, 
but not against their own . ar^j postulated the con- 
cept of '.horroj nutotoxicus . B ut he did not 
regard autoimmunisation as an impossibility and 
even envisaged its pathogenic possibility. 
fa Autoimmunity is a condition in which stru c- 
tur al or functional damage Ts produ ced by the 
a ction of immunologieally competent cells or 
ahtibodies against normal components of the 


body lVAutounmunitv literally means '• protection 
gainst self; w hile it actually implies ‘i njury to, 
selfan d Ififre fore it has been criticised as a con- 

t adiction in terms. ‘Autoallcrgy’ has been 
iggested as an acceptable alternative, but the 
rm autoimmunity has the sanction of wide 
;age. 

The earliest example of autoimmunity was the 
observation by Metafhihoff (1 900) that guinea 
nigs injected with their own spermatozpa pro- 
duced sperm vmmofriVvVrrrg arrftbodresr PatraoV 
a nd Landsteiner (1904) identified circulating 
a utoantibodies in paroxysmal cold hadmoglobi- 
nuria — a haemolysin which binds with t he 
p atient's erythrocyte s a t_ lo W-lem pe ra tu re and 
prod uces complement dependent haemolysis on 
w arming. This was the first description of an 
autoimmune disease in marrfcp ameshek a nd 
Schwart z (1938) established the autoimmu ne 
ba sis of a cute haeroo l ytic-annemi n. With the dis- 
covery ofCoombs test for incomplete antibodies 
it became possible to demonstrate globulins 
bound to the surface of erythrocytes in this condi- 
tion. Autoimmunisation-could be induced in 


experimental animals by i njectio n. of s elf-anti- 
gens along with gomnleteFrean d's ad i uva n TTTHe 
use o/ sensitive serological techniques led to the 
demonstration of auto-antibodies in several dis- 
eases and even in a proportion of healthy indi- 
viduals. Some auto-antibodies, such as the _ gntl - 
.idiotvpic antibody ma y even be essential fortfil 
norma) lunciionmg of fhe immune system. 

When the concept of autoimmunity came tn be 
accepted as a pathogenic mechanism, a large 
number of diseases were suggested to have an 
autoimmune aetiology, based on the finding 0 f 
auto-antibodies in Ihe patients. This was soon 
recognised to be untenable as auto-antibodie s 
could be often the result, and not the cause, o f 
jhsense- Sirirt mtenn , therefore, became neces- 
sary to differentiate diseases in which autoim- 
munisation was causal, from those in which it was 
only incidental or secondary. Such criteria Were 
first postulated by Witebs ky (1957) and have 
been extended by otliersr^Tie following criteria 
tare to be satisfied before estsMnhiag rhe 
autoimmune aetiology of a disease: 

1. An a utoimmune re sp onse, humoral cellu lar 

or both, must be re gularl y associated w nh 
t he diseas e. ~ 

2. The antigen responsible for the immim e 
response must be identified, isolated and 
c haracterised Z 

3. Th e samea nligenjnust.induc&in experimen- 
ta l anima ls i mmunopathological cha nges as 

• in the disease . -* 

4. Passi ve transfer of the disease must be p ossi- 

ble by transfer of antibodies or "sensitised 
lymphucy tes: — — - — _ 
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Diseases. ofautoimmune origin usually exhibit 
t he following feature? 1 
y. An elevated level of immunoglobulins . 
y Demonstrable auto-antibodie s. 

3/ Deposition of immunoglobulins ,or _ tltei r 
derivatives at sites of election such ns rena l 
gl omeruli. 

fr ^Accumulation of lymphocytes and plasma 
ceUsTfitre'sites ot tesioiTS* “ r " ‘ ‘ 


logical t olerance against t his antigen is not estab- 
_ the antigen leaks 


5s T grnppxarv _ or lastlng~Fenefit from_cor ti- 
* costeroid or other immunosuppressive the- 


jm- 

6yTn e occurrence of more than one type_o f 
autoimmune lesion in an individual . 

A genetic predispositum^cmTirds— auto - 
immunity. 


out, following cataract surge ry or penetrating in- 
iury, it may induce an im mune response causing 
da mage To the lens of the other eye . An example 
ot ‘ sequestration in time 1 is seeif with jjpprpi flp t~ 
gens A s s permatozoa develop only with puberty. 
t he antigen cannot induce tolerance during fetal 
life. Spe rm antigen Is not therefore rccognised~a ? 
self an d when it enters the circulation— i t is 
l mmuncTgenic T his is believed to be the path o- 
genesis ot orchitis foUowina-mump^ The vir us 
damages the basement membrane of seminifer- 


^/ptechanism of autoimmunisation 

Autoimmunisation can result under the following 
c/nditions: 


v* ^jidtlea.or. -.sefnicstraiod’^.niii gcns may no t 
be recognised as self-antigens 


ous tubules leading t o the leakage of sperms and 
In itiation ot an immune resp onse resulting in 
orchiti s. 

Neoantigens can arise in a variety of wa ys , ghysi - 
caf-agcjlts^ngh as irradiation can cause antigen ic 
alteration . PhotoseiiMiivUynnd 1 cold allergy ma y 
represent sensitisation to self-anticcn s, altered 
by light and cold , respectively. Several chemica ls", 


/ 


tccogniscd as self-antigen s When suc h 
antmens are released into circulation, th ey 
/f riay induce an immune response 
2/ Cells or tissues may undergo .•pti&enie.altexp - 
Lj ptvas a result of physic al . chemical or bujlogi- 
caljnflucnces., Such altered o r r lncoanligens > 
may elicii an immune response 
I mmunological damage may result from 
immune respo nses induc ed ky 4 5 ^‘^ act *jy 
f oreign antigens 

4 Breakdown of jmmupplogicnl homeostasis 


including drugs, c an combine with cells and tis- 
' ifeftncv ^ r *** ‘ 


e mergence of lorhidden "clon es jif immuno- 
co mpetent cells capable of mounting immu ne 
res ponse against self-antigens^ 

5. A vajacty.rflUlflRd_B_.ee 1 1 defects have been 
suggested as possihle m ec hanisms of auto - 
i mmunity 


sues and altefthcir antigenic nature . Contact de r- 
matitis, which is traditionall y considered as a type 
of delayed hvTicrsensitivity/ c anins(rBelalCen to 
be an autoimmune response t o skin antigens 
a ltered by combination with chemical allergens. 
Drug induced anaemias, leucopaenias and thro m- 
tfecvTo'paen iaVofte niiii v£%in"a u toim rmiinToas k. 
In fccfiouTTnicroorganism s, particularly viruse s 
a nd other intracellular pathogens, may induce 
a It eration o Tcell antjggnsT Vjral mfections T such 
as infectious mononucleosis, are known to ofte n 
piKtWMwmmwii; fliCca& s SaiAenaN enzyme s 
als o induce alteration of cel l anti gens. Neura - 
minidases formed by myxoviruses and ma'ny bac- 


Cerlatn scif-anligcns are present in closed 
systems and not accessible to the immune 


T he almost universal occurrence of T agglutinins 
in hu man sera isbelievcd to represehHTtrarh rless 
autoimmune response fol lowing infectio ns. 


Neoamigens may also arise by j nulalfofl.'l^ich 
mutant cells may be immunogenfc . , 

The fortuitous sharing of antigens by different 
organisms is the basis of the ‘ yrps^reactingj inti- 
^ gamigOi^tamouanmnity . Organ specific anti- 
gens are present in several species. Injection of 


apparatus . These arc known as sequestratedan ti- 
gens . A n example 7s the lens antigen oflhcgve . 
The lens protein is enc lwc3^rriIS~ca~psnle and 
does not circulate in the blood. Renee immuno- 
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h eterologous organ s pecifi c antipens may ind uce, such as antihuman eryth r ocyte cold antibodies in 
an immune response damaging the particular mycaphwmarnneuroonia and antisjieep e^ythro 
\tv.exampie is - the cyte antibody in infectious mononucleosis. Defects 


neurolonical lniurv that sometimes follows in the idioty 


such strains ma 




EnTBTmmaiESMBMaSl 


IEMi inn t-uiagE 


cerative colitis in which 


on antibodies occur may ^represent an haemocytolytic, localised 


immune response initiated by the cross reactin 


d iseases. _ 

Autoim munisation may result w h en toleranc e 
to a self-antigen is a brogated, as for instance by haemocytolytic autoimmune diseases 






anced helper T. celLan a. decreased ^.u 


/. Auto immune haemolytic anaemias: Auto-anti 




and macrophage Tunc 


tion have also been postulated as causes. Anot 


jHSBBSBa33nil^«=rai«Hii(mre 


lete.agglutinanng anti 


tin) and, infections with some, bacteria (e.g 
mycoplasma)^ viruses 


mia . irypa npspmtajis 
e~ warm auto-antibodies are generally 
































opim uTmta in the opposite c\ c. 1 lie disease can 
he produced in experimental animals tn flgtff ufiP 
sation m'lh m eal or retinal tissue _t n Freund's 
aaj uv jnr ai i d - c. m he passively tran sferred w ith 
spleen or lymph nodc^clls^ but not with serum. 


1 *V x) }*#>*>** * l a ° 


Pernicious anaemia' 


Two types of auto-antibodies are present in tins 
condition. The first is directed against the 


■TTTiHmwThI?® 


diseases ot unknown origin with the common 


.turc o| connective tissue lesions as ‘collagen d| S 


eases’. Included in this category arc systeiruc 
lupus erythematosus (SLE), rheumatoid arthritis, 
polyarteritis nodosa, Sjogren's syndrome, d<jr- 
matomyositis and scleroderma. All these condi- 
tions arc associated with generalised autoim- 
mune processes. 

I. Systemic lupus erythematosus 

This is a chronic, multisystem disease with remj s - 
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isoniazid, hydralazine and procainamide. The 
symptoms subside on withdrawal of the drugs. 


/ W® - - P-A ^5 irt H J 

Rheumatoid arthritis V-jwW 

f 4 J Jt 


This is a -sy mmetric polyarthritis, with mqsd o- 
wasting and su bcutaneous nodules. commonl y 
associated with serositii. myocarditis, vascul itis 
"a nd other disseminated lesions. I t is found most 
c ommonly in adult females &h ouph no age is 
e xempt. - Tile synovial membranes of the af fected 
joints are s wollen and oedematdu si with dens e 
in filtration of lymphocytes and plasma ce l ls. A 
striking f eature is ihe jj^sejicg_Qf_a-CirculatJOc 

fRFV Tllfels.usually a 


acts a s 

an antibody against the fcTragmeht oflmmuno- 
h 

some types of RF arc directed towards other - 


i m munogtobulm classes RF reacts with autolo g- 


diseases^ Immune complexes of the hepatitis 

the kidneys; have be en demonstrated in 3tM 0 
per cent of patients. Though if has beelT~~ 
s uggested that polyarteriiisno dosa may Be" an 
-autoi mmune disea se, the auto-antibody respond 
si ble has not been idenified ! 7 ~ ‘ • 


4te a«eHr 


This is a triad of conjunctivitis sicc a, dryness of 
t he mouth . With or without salivary glancT 
enlargemen t, an d rheumatoid arthritis . The sy n~ ■ 
drome may occur in association %vTth other colla- 
gen diseases . AntinucTear antibodies and rh'eu - 
matoid factor commonly occur in sera. 


transitory autoimmune processes u ’ 

^ v// ey j— WAuTw- 
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The relative importance of humoral and cel- 
lular immune process in the aetiology of auto- 
immune diseases is not known. Antibodies may 
cause damage by the cytolytic or cytoxic 
(type 2) and toxic complex (type 3) reactions. 
They are obviously important in haemocyto- 
lytic autoimmune diseases. A third mecha- 
nism of autoimmune tissue damage is by sen- 
sitised T lymphocytes (type 4 reaction). It is 
likely that humoral and cellular immune 


responses may act synergistically in the produc- 
tion of some autoimmune diseases. For example, 
experimental orchids can be induced only 
when both types of immune responses are opera- 
tive. *£■'* &***■&, 

Once initiated, most autoimmune responses 
tend to be self-perpetuating . Their progress can 
be arrested by immunosuppressive therapy, 
though the degree of response to such therapy 
varies in different diseases. 


Further Reading 

Cooke. A. ct a). 1983 Mechanisms of autoimmunity: a role for cross reactive idiotypes, Immunology Today, 4.70, 
Max Samter, et al 1988. Immunological Diseases (2. VoU) 4th edn. Churchill Livingstone. 



Immunology of Transplantation and 
Malignancy 


When, as a result of disease or injur) , an organ or 
tissue becomes irreparably damaged, or when an 
organ is congenitally defective or absent, a trans- 
plantation or grafting becomes necessary for 
restoration of function. T he tissue or orga n-trans- 
pl anted is known as the trans planLo t- graft-The 
individual from whom the transplant is obtained 
is known as the donor and the individual on 
whom it is applied, the recipient. 

Transplantation is one of mankind's ancient 
dreams. Chimaeras, fanciful creatures composed 
of parts from different species, figure m the 
mythology and pantheon of all ancient nations 
But such transplantations across the species bar- 
rier do not succeed It had been recognised very 
(“ early that transplants survive only when the tissue 
'or organ is taken from the recipient himself.) 
wjjile grafts from another individual of the same 
species or from a different species would be 
* rejected. The earliest application of trunsphnla- 
/ lion appears to have been skin grafting for recon- 
\ struction of the severed nose, using the patient’s 
own sktn flaps — a technique described in the 
Sushruta Samhtla (Circa 800 B.C.) 

The reasons for the rejection of exogenous 
grafts were not identified till recently Graft 
rejection had for long been suspected to be due to 
active immunity, but it was only in the 1940s that 
the work of Medawar and his colleagues conclu- 
sively proved ns immunological basis. 

Classification of transplants 

Transplants may be classified in various ways: 


1. Based on the organ or tissue transplanted, 
they are classified as kidney, heart, skin trans- 
plant, etc. 

2. Based on the anatomical site of origin of the 
transplant and the site of its placement, grafts a re 
c lassified as ‘orthotopic nn d __‘hetcrotoni c’. 
Orthotopic ‘grafts' 'are - applied in anatomically 
‘normal’ sites, as in skin grafts. Heterotopic 
grafts are placed in anatomically ‘abnormal’ sites, 
as when thyroid tissue is transplanted in a sub- 
cutaneous pocket. 

3. Transplants may be of fresh tissues and 
organs or of stored ones. 

4 Transplants may be of living or dead mater- 
ials. Live grafts, such as kidney or heart, arc 
expected to survive and function physiologically 
in the recipient and are called ‘ vital gra fts*. Non- 
living transplants like bone or aflery" nerely pro- 
vide a scaffolding on which new tissue is laid by 
the recipient. They arc called ‘j»lalic£-o c. ’struc - 
t ural’ graf ts 

5. Transplants may be classfied based on the 
genetic (and antigenic) relationship between the 
donor and the recipient (Tabic 20.1). An organ 
or tissue taken from an individual and grafted on 
himself is an autograft . A graft taken from an 
individual and placed "on another individual of 
the same genetic constitution is called an isograft 
Grafts made between identical twins or Between 
syngenetic members of highly inbred strains of 
animals are examples of jsografts. Grafts bet- 
ween two genetically nonidentical members of 
the same species are called allografts (formerly 
called homografts). Grafts between members of 
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different species are called _jgfloggife j(formerly Mechanism of allograft rejection 
called heterografts) . 

i , «£s injc $p<z<4x£ The immunological basis of graft rejection is evi- 

The allograft reaction l dent f rorn l ^ e specificity of the second set 

' * ' / response. Accelerated rejection is seen only if the 

When a skin graft from an animal (such as a rab~ second graft is from the same donor as the first, 
bit) is applied on a genetically unrelated animal Application of a skin graft from another donor 
of the same species, the graft appears to be will evoke only the fi rst set resp onse, 
accepted miftatty. The graft is vascuiamed and An allograft will be accepted if the animal is 
seems morphologically and functionally healthy rendered immunologically tolerant. If suitable 
during the first two or three days. But by about living cells (such as splenic cells) from one pure 
the fourth day, inflammation becomes evident line strain of animal is injected into fetal or 
and the graft is invaded by lymphocytes and mac- neonatal animals of another inbred strain, the 
rophages. The blood vessels within the graft are latter, when they grow up, will accept grafts from 
occluded by thrombi, the vascularity diminishes the former animal. This is due to the induction of 
and the graft undergoes ischaemic necrosis. With "specific immunological tolerance' against the 
extending necrosis, the graft assumes a s cab-like donor tissues as a result of contact with them dur- 
appe arance and sloughs off by the tenth da y. This mg embryonic life. The tolerance can be 
sequence ot events resultingjA-me-rejeCrion of abolished by injecting lymphocytes from a non- 
the allograft is known as thgQv rst set re sponse’. tolerant syngeneic gnimal, or more effectively, 

if, in an animal which has rejected a graft by from a syngeneic ‘animal sensitised against the 
the first set response, another graft from the same donor tissues by a prior allotransplantation. This 
donor is applied, it will be rejected in an atceler- method of transferring immunity by means of lym- 
ated fashio n. Vascularisation commences-, but is phoid cells is known as " adoptive immunisation*.-! 
soon interrupted by the inflammat ory, resp onse. Transplantation immunity Is predominantly 
Necrosis sets in early and the graft sloughs off by cell mediated. The first set response is brought 
the sixth day. The accelerated allograft rejection about almost exclusively by T lymphocytes. , 
is knownas the 's econd set response’ . Humoral antibodies arc also product during I 



Donor Name Synonyms 


Self Autograft Autogenous or auto- 

geneic graft 

Genetically identical with Isograft Isogeneic or syngeneic 

recipient graft 

Identical twin or member of same 
inbred strain 

Genetically unrelated member Allograft Allogeneic graft, For- 
ofsamc species merly called Homograft 

Different species Xenograft Xenogeneic. For- 

merely called Heterograft 
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allflgEaluejection Thcycan be detected by a var- 
iety of methods including h.iemagglutina tion. 
lymoh ocvtotoxicitv. complement fix ation and 
immunofl uoresc ence. An tibodies aig f ormed 
more rapidly and abundant ly-during^a-second set 
response than during pr imary rejection. Anti- 
bodies are believed to participate in the second 
set response along with cell mediated immunity. 

f Whcn a graft is applied to an animal possessing 
the specific antibodies in high litre, hyperacute 
- rejection takes pldce. The graft remains pale and 
is rejected within hours even without an attempt 
at vascular isjilion. This is known as the ‘ white, 
gr aft response ^) This type of hyperacute rejection 
IfsOnTetimes seen in human recipients of kidney 
transplants, who may possess preexisting anti- 
body as a result of prior transplantation, transfu- 
sion or pregnancy. The glomeruli in such cases 
arc choked by platelet and leucocyte agglome- 
rates^ 

Humoral antibodies may sometimes act in 
opposition to cell mediated immunity, byiohibit- 
mg graft rejec tion. This phenomenon, called *im> 
n Tunologica Lenhancement’ -was originally des- 
cribed by Katiss in tumour transplants. If the reci- 
pient is pretreated with one or more injec tions-rif 
kill ed donor tissue and the transplant applied 
subsequently, it survives much longer than in 
control animals. The enhancing effect can be pas- 
sively transferred to normal animals by an injec- 
tion of serum from immunised animals, showing 
that the effect is due to humoral antibodies. The 
antibodies may bring about the enhancing effect 
in various ways. They may combine with the anti- 
gens released from the graft so that they are 
unable to initiate an immune response (afferent 
inhibition). The antibodies may combine with the 
lymphoid cells of appropriate sped firity and , by a 
negative feedback influence, render them incap- 
able of responding to the antigens of the graft 
(central inhibition). They may also cause ‘effe- 
rent inhibition’ by coating the surface of cells in 
the graft so that sensitised lymphocytes are kept 
out of contact with them. 

/ Allograft immunity is a generalised response 
j/directcd against alt the antigens of the donor, A 


recipient sensitised by a skin graft will reject by 
the second set response not only another skin 
graft, but also any other organ or tissue graft From 
thesame donor. 

Histocompatibility antigens 


Immune response against transplants depends on 
the presence in the grafted tissue, of antigens that 
are absent in the recipient and, therefore, recog- 
nised as foreign. It follows, therefore, that if the 
recipient possess all the antigens present in the 
graft, there will be no immune response, and con- 
sequently no graft rejection, even when the 
donor and recipient are not syngeneic. The first 
generation (Fi) hybrids between two. Inbred 
strains possess antigens representative of both 
the parent strains and will therefore accept grafts 
from either of the parental strains. If the two 
parental strains have genotypes A A and BB, 
respectively, the Fj hybrid will be of genotype 
AB. It can therefore accept' tissues with geno- 
type AA as' well as BB, as it possesses both 
alleles. Transplantation in the reverse direction 
(from F, to parent) will not succeed as strain AA 
will react against antigen B and strain BB against 
antigen A. 

While transplants between members of a 
highly inbred strain of animals are successful, an 
exception is seen when the donor is a male and 
the recipient a female. Such grafts are rejected as 
the grafted male tissue (XY) will have antigens 
determined by the Y chromosome which will be 
absent in the female (XX) recipient. Grafts from 
females to males will succeed. This unilateral sex- 
linked histo-incompatibiUty is known as the 
Eichwald-Silmser effect. 

Antigens that participate in graft rejection are 
called ‘transplantation or histocompatibility anti- 
gens’. The blood group antigens are important in 
transplantation. The term ‘major histocompati- 
bility system' is applied to a system of cell anti- 
gens that exert a decisive influence on the fate of 
allografts Major histocompatibility systems have 
been identified in different species — H2 in mice, 
AgB in rats, B in chickens, HI in rabbits and DLA- 
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in dogs. The major histocompatibility system in 
man isthc ‘human leucocyte antigen (HL-A) sys- 
tem'. A description of the HLA system is pre- 
sented in Chapter 15. 

Factors favouring allograft sunlval 

1 . The most important factor in allograft survi- 
val is HLA compatibility. This is tested by HLA 
typing and tissue matching. HLA typing iden- 
tifies the HLA antigens expressed on the surface 
oflcucocytcs. 

Once a set of HLA compatible donors is availa- 
ble (commonly, siblings of the patient), the best 
donors among them can be chosen by tissue 
matching. This is done by MLR or mixed leuco- 
cyte culture (MLC). It depends on the fact that 
T lymphocytes in culture, when exposed to HLA 
incompatible antigens, will undergo blast trans- 
formation. the intensity of the reaction being a 
measure of the antigenic disparity between the 
donor and recipient lymphocytes. The test, as 
performed, is a one-way test in which the donor 
lymphocytes arc killed and only the recipient 
lymphocytes are permitted to be transformed in 
response to incompatible antigens on donor cells. 

2. As allograft rejection is an immunological 
process, immunosuppression will inhibit it. This 
can be achieved in experimental animals by neo- 
natal thymectomy, chronic lymphatic drainage or 
administration of ALS — procedures that will 
inhibit cell mediated immunity In clinical trans- 
plantation. a combination of immunosuppressive 
techniques is employed, including irradiation, 
corticosteroids, ALS ami immunosuppressive 
drugs. 

3. There appears to be certain privileged sites 
where allografts are permitted to survive, free 
from inimunologtc.il attack. The fclit' can tv con- 
sidered an intrauterine allograft as it contains 
antigens which arc foreign to the mother. The 
reason why the fetus ts exempt from rejection is 
not clear, though many explanations have been 
olfcred The pbeenta acts as an immunological 
hairier by generating a hoimone which is locally 
immuniwupprcsstvc. Major histocompjtibdiiv 


complex (MHC) antigens-arc present only in a 
low density on trophoblastic cells and the eel! 
membranes arc relatively resistant to attack by T 
or K cells. Antigen shedding by the fetus blocks 
aggressive T cells or antibody by an enhancement* 
effect. An incomplete mucopolysaccharide bar- 
rier rich in sialic acid surrounds the trophoblastic 
cells, protecting them from cytotoxic lympho- 
cytes 

Any site that is impenetrable to immuno- 
competent cells (c.g., cartilage) is a privileged 
site. Areas where a lymphatic drainage system is 
absent (c.g.. brain, hamster cheek pouch) or in- 
effective (c.g., testes) con accept allografts with- 
out rejection. Lack of vascularity at the site also 
prevents graft rejection. This is the reason for the 
success of corneal transplants. 

Graft-versus-host reaction 

Graft rejection is due to the reaction of the host to 
the -grafted tissue (host-verus-graft response). 
The contrary situation, in w hich the graft mounts 
an immune response against the antigens of the 
host, is known as the ‘graft-versus-host (GVJI) 
reaction.’ 

GVH reaction occurs when the following con- 
ditions are present: 

[ I . The graft contains immunocompetent T cells 
i 2. The recipient possesses transplantation anti- 
gens that arc absent in the graft. 

\ 3 Tlie recipient must not reject the graft, 
examples of situations reading to G V| ( are' 

1 Allograft in a recipient in whom specific 
immunological tolerance has Iven induced 

2. Adult lymphocytes injected into an immuno- 
logically deficient recipient. The immunologi- 
cal deficiency may be due to immaturity (new - 
bom) or immunosuppression. 

3. I’f hybrid recvmng a transplant from either 
parental strain. 

The major clinical features of GVH reaction in 
animals ore retardation of growth, emaciation, 
diarrhoea. hcpatosplenomeg.dv . lymphoid 
atrophy and anaemia, terminating fatally. The 
syndrome has been called the ‘runt disease’ 
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, IMMUNOLOGY OF MALIGNANCY 

When a cell undergoes malignant transforma- 
tion. it acquires new surface antigens. U may also 
lose some normal antigens. This makes a tumour 
antigenically different from normal tissues of the 
host. A tumour can,' therefore, be considered an 
allograft and be expcctcjfto induce an immune 
response 

Clinical ev idence of Immune response 
in malignancy 

Several clinical observations indicate the pre- 
sence of an immune response that prevents, 
arrests and occasionally cures malignancies. 

1 . Instances of spontaneous regression of esta- 
blished tumours have been reported, especially 
With neuroblastoma and_m ali^inant-mtiliinnm.>. 
On the analogy of the role played by the immune 
response in recovery from infections, it is 
believed that recovery from malignancy also may 
represent an imrbune process. 

2. Dramatic cures sometimes follow chemo- 
therapy of choriocarcinoma and Burkitt'sj ynw 
pjioma . Even a single dose of cytotoxic drug may, 
on occasion, result in a complete cure. Again, in 
some types of tumours, such as hypernephroma 
with pulmonary metastases, removal of the prim- 
ary tumour often leads to a regression of the 
metastases These observations suggest that once 
the large mass of tumour has been removed, 
mopping up operations can be effected by the 
immune process. The immune response appears 
to be effective only when the tumour is below a 
‘critical mass'. 

i lie prevalence of certain types of cancers, 
observed unexpectedly at autopsy, vs very much 
higher than their clinical incidence. This indicates 
that the immune system is able to deal with malig- 
nant cells as they arise and that only someof them 
arc able to overcome the defence mechanisms 
and develop into clinical cancer. 

4. Histological evidence of immune response 
against matignancy is provided by the presence of 
lymphocytes, plasma cells and macrophages infil- 


trating tumours. The cellular response resembles 
that seen in the allograft reaction. Tumours 
showing such cellular infiltration have a better 
prognosis than those without it. 

5. If the immune system plays a natural role in 
preventing tumour development, a high inci-, 
dcncc of malignancy should be expected in 
immune deficiency states. This is indeed so. An 
increased incidence of cancer, particularly of 
l ytnphoreticular malign ancies, is found in con- 
genital immunodeficiency states, as well as in 
patients undergoing chronic immunosuppressive 
therapy. 

Tumour antigens 

Tumour antigens arc antigens that are present in 
malignant cells, but absent in the corresponding 
normal cells of the host. 

Tumour specific aniigens arc present on the 
membranes of malignant cells and induce an 
immune response when the tumour ts trans- 
planted to syngeneic animals. Such tumour 
specific antigens which induce rejection of 
tumour transplants in immunised hosts arc 
termed ‘tumour specific transplantation antigens* 
(TSTA) or ‘tumour associated transplantation 
antigens’ (TATA). 

In chemically induced tumours, the TSTA is 
tumour specific. Different tumours possess diffe- 
rent TSTA, even though induced by the same 
carcinogen. In contrast, the TSTA of virus 
induced tumours is virus specific in that all 
tumours produced by one virus will possess the 
same antigen, even if the tumours are in different 
animal strains or species. 

A second type of antigen is found in some 
tumours. These are the fetal antigens which are 
found in embryonic and malignant cells, but not 
in normal adult cells |The best known examples 
arc alphafoetoprotcir{in hepatomas and the cjr- 
cino-embryonic antigen found in colonic cancers. 
Their synthesis represents a de-diffcrenliation of 
malignant cells into more primitive forms. 1 

Carcino-cmbryonic antigen is a gi)coprjMcin 
which can be detected* in the scrum of many 
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patients witlf carcino ma of the colon, particularly 
in the presence of mctastascs. But as it also 
appears in some other conditions such as 
‘'iSiicoholic cirrhosis, its diagnostic value is limited. 
Alphafoetoprotcin is an alphaglobulin secreted 
by normal embryonic hcpatocytes. Its sc rum 
level drops sharply after birth and is hardly 
detectable in adults. High levels are present in 
hepatic carcinoma, in which condition it is of 
diagnostic value. 

Immune response in maligancy 

Both humoral and ccllutar responses can be 
demonstrated in malignancy. Anti*TSTA anti- 
bodies can be demonstrated by indirect mem- 
brane immu nofluorescenc e. Delayed hypersen- 
sitivity to tumour antigens can be detected by 
skin testing with tumour cell extracts. Cel) 
mediated immunity can be demonstrated by a 
stimulation of DNA synthesis and lymphokinc 
production by the patient’s leucocytes on expo- 
sure to the tumour antigens. The lymphocytes 
from patients are cytotoxic to cultured tumour 
cells. 

■yCe ll mediated immunity is b elieved to be the 
mecha nism of host defence against malign ancy 
The humoral response may not be relevant, or 
may even be detrimental by facilitating tumour 
growth by the process of enhancement. 

Immunotnglcal surveillance 

The concept of immunological surveillance had 
its beginning in the observations of Ebdich 
(1906). It was revived by Lewis Thomas in the 
1950s and developed by Burnet. It postulates that 
the primary function of cell mediated immunity is 
lo 'seek and destroy’ malignant cells that arise by 
somatic mutation. Such malignant mutations are 
believed to occur frequently and would develop 
into tumours but for the constant vigilance of the 
immune system. Inefficiency of the surveillance 
mechanism, either as a result of ageing or in con- 
genital or iatrogenic immunodeficiencies, leads 
to an increased incidence of cancer. While this 


hypothesis is attractive, it may perhaps represent 
an oversimplification of a complex situation. 

If immunological surveillance is effective, 
cancer should not occur. The development of 
tumours represents an escape from surv eillanc e. 
The mechanisms of such escape arc not clear, but 
several possibilities have been suggested. Due to 
the very fast rate of proliferation of malignant 
cells, they may be able to 'sneak through’ before 
the development of an effective immune 
response and once they reach a certain mass, may 
be beyond control by immunological attack . Cir- 

sc recn’, coating the lymphoid ce lls and pre vent- 
ing lli em-acting-nn^he-tumnur-cctls. The tumour 
antigens on malignant cells may be inaccessible 
for sensitised cells, being covered by some anti- 
gcnically neutral substance. Humoral antibodies 
may cause immunological enhancement. 'Block- 
ing’ activity has been demonstrated in humoral 
factors This may be due lo circulating antigen, 
antibody or antigen-antibody complexes. What- 
ever be the reasons for immunological escape, 
tumour immunity docs not appear to be a very 
effective mechanism judging from the high preva- 
lence of cancer. 


Different approaches have been attempted in the 
immunotherapy of cancer — passive, active and 
adoptive immunotherapy, specific and non- 
specific. 

Passive immunotherap y was the earliest, 
method of cancer immunotherapy. Antisera pre- 
pared by immunising animals with tumour biopsy 
specimens were used for the treatment of human 
cancer as early as 1895. This method was found 
useless and, therefore, abandoned. A special type 
of serotherapy has recently been found beneficial 
in experimental tumours. Appropriate antisera 
that possess ' deblockin g 1 activity in vitro have been 
found to cause regression of tumours, apparently 
by neutralising circulating lumour antigens and 
permitting sensitised lymphocytes to act on tumour 
cells. Monoclonal antibody to tumour antigens 
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m.iy have a role as a carrier in transporting 
cytotoxic or radioactive drugs specifically to 
tumour cells. 

Specific active immunotherapy by injection of 
tumour cell ‘vaccines’ was tried early this century 
and given up as unprofitable. The method has 
been modified recently by using purified tumour 
cell membrane antigens and by employing 
tumour cells treated with neuraminidase to 
increase their immunogenic potential. 



^BCCi and nonliving Cnnncbi 
Mat he, the leading proponent of cancer i mmuno - 
Jhcrapyj has reported very good results in acute 
.leukae mia, following combined treatment with 
BCG and allogeneic or a uthochthonous leukae mia 
blast cells 1 ntralesional BCG in^malignaot 
-mcl.m oma~lt.is been reported to induce cor?plete 


remission m a high percentage of patients. It has 
also been used against mtradermal recurrence of 


breast cancer following mastectomy. Dinitro - 
ehlorobenzene h as been tried in the^rctitment of 
squamous and basal cell carcinomffof the skin, 

Qiuca n, a pyran copolymer derived from mic- 
roorganisms and I cvami sole. originally intro- 
duced as an anthelfnTntic7 have been tried for 
stimulating CMI and macrophage functions. 

Specific adoptive immunotherapy has been 
attempted with lymphocytes, transfer factor and 
'immune RNA\ The donors have been persons 
who have been cured of their neoplasms or speci- 
fically immunised against the patient’s tumour. 

Immunotherapy is ineffective in the presence of 
j large mass of lumourcells. Its role appears to he 
more in gelling rid of the residual malignant cells 
after the gross tumour has been removed. The 
best results in the treatment of cancer apparently 
follow an integrated approach to therapy, employ- 
ing surgery, radiotherapy, chemotherapy and 
immunotherapy. 
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Immunohaematology - 


Blood has held a mysterious fascination for man 
from the dawn of time, it was considered the 
essence of life and was believed to cure diverse 
diseases and restore youth and vitality to the 
aged. Blood transfusion had been attempted 
from very early times, but such attempts were 
fruitless and often fraught with disastrous con- 
sequences. Blood transfusion became scientifi- 
cally feasible only after the discovery of blood 
groups by Landsteiner . 

In his original experiment. Landsteiner (1900) 
cross tested serum from himself and five of his 
colleagues against their red blood cells. Three 
distinct patterns of agglutination were observed. 
Cells which failed to agglutinate with any of the 
scrum samples were designated group O. while 
cells agglutinating in the two different patterns 
were called groups A and B, respectively. The 
fourth group AB was described later by his pupils 
von Decastallo and S turli ( 1902) 

The ABO-*j*tem is the most important of all 
the blood group systems and its discovery made 
blood transfusion possible. No other blood group 
antigens were discovered for the next 25 years 
Using rabbit antisera to different samples of 
human red cells, Landsteiner and Levine (1926) 
discovered the MN and_E .amipens- Landsteiner 
and Wiener (1940) raised rabbit and guinea pig 
antisera against Rhesus monkey erythrocytes and 
tested them against human red ceils. This led to 
the discovery of the “R hesus f R h) factor*. Many 
more blood group antigens have been identified 
subsequently, mostly by studying antibodies in 
patients who had received multiple blood trans- 
fusions or mothers of infants with haemolytic dis- 


ease. The main blood group systems with the 
dates of their discovery are shown below. 


ABO 

1900 

Duffy 

1950 

MN 

1926* 

Kidd^ » 

1951 

P 

1926 

Diego ^ 

1955 

Rh 

1940 

Yt - 

1956 

Lutheran 

1945 

Kg 

1962 

Lewis 

1946 

Dombrock 

1965 

Kell 

1946 

Colton 

1967 


Some antigens have been identified that occur 
only very' rarely, being limited to certain indi- 
viduals or families. These have been termed *pri- 
v^fe .antigens’. 


The ABO system contains four blood groups and 
is determined by the presence or absence of two 
distinct antigens A and B on the surface of ery- 
throcytes. Red cells of group A carry antigen A, 
cells of group B antigen B and cells of group AB 
have both A and B antigens, while group O cells 
have neither A nor B antigen. The four groups 
are also distinguished by the presence or absence 
of two distinct isoantibodies in the serum The 
serum contains the isoantibodies specific for the 
antigen that is absent on the red cell. The serum 
of a group A individual has anti-B antibody, 
group B has antUA and group O both anti-A and 
anti-B, while in group AB both anti-A and anti-B 
are absent (Table 21.1). 

Group A is subdivided into A t and A ;. 
Antiserum of group A agglutinates group A | cells 
powerfully, but A 2 celts only weakly. About 80 
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per cent of group A bloods are A i andj’jlper cent 
Ai The subgroups of A antigen are represented 
in group AB 3 lso. The recognition of group A 
subgroups increases the number of ABO pheno- 
types from four to six: A I( A 2 ,B,A 2 B.Aj Band 
O Other A subgroups (A 3 . A 4 , As) have also 
been described, but they are not clinically relevant. 

Blood group antigens are inherited according 
to simple Mcndelian laws. Their synthesis is 
determined by allelomorphic genes. A.B and O. 
Genes A and B give rise to the corresponding anti- 
gens, but O is an amorph and does not produce 
any antigen. The frequency of ABO distribution 
differs in different peoples. GroupT ) is the com- 
monest group an d AB th e rarest. The ABO dis- 
tribution in Britain is approximately 0-47 per 
cent, A-42 per cent, B-£jier cent and AB-3 per 
cent. In India, the distribution is approximately 
0-41) per cent, A-22 per cent. B-33 per cent and# 
AB-5 per cent / 

Anti-A and anti-B isoantibodies appear in the 
serum of infants by about the age o f six months 
and persist thereafter. These are calleifTiattmtr 
antibodies because they seem to arise presuma- 
bly under genetic control without any apparent 
antigenic stimulation. But it is likely that they 
develop as a result of unidentified environmental 
stimuli with the blood group-like antigens pre- 
sent in bacteria or other sources. Natural anti-A 
and anti-B antibodies are saline agglutinating 
antibodies reacting optimally between 4°C and 
I 8 °C but active also at 37°C. rmmune isoan- 
tibodies may develop following ABO incompati- 


ble pregnancy or transfusion. More commonly 
they result from the injection of substances con- 
taining blood group-hke antigens, such as horse 
serum or bacterial vaccines made from media 
containing horse or hog extracts. Im mune isn an- 
tihodjg^-ate-ialbumin .agglutinating’ antibodies, 
reacting optimally at 37 ,> C. and acting as 
haemolysins in the presence of complement. They 
are important clinically as they may cause severe 
transfusion reactions, 

H antigen : Red cells of all ABO groups possess a 
common antigen, Ihe^fLatUicen, which is a pre- 
cursor for the formation of A and B antig ens. The 
amount of H antigen is related to the ABO group 
of the cell, group Q cel ls having the most and AB 
the least amount. Due to its universal distribu- 
tion, H antigen is not ordinarily important in 
grouping or blood transfusion, phende et al 
(1952) from Bombav-rcporipd— ihe— very-rare 
i nstance in which A and B antigens as well as the 
H antigens are ab sen t fro m reel cells. Thjsjs. 
known as the ‘Bombay' or OfTbiood. Such indi- 
viduals win nave anti-A, anti-lf and anti-H 
antibodies, so that their sera will be incompatible 
with all red cells except of those with the same 
rare blood group. 

A. B and H -antigens are glycoproteins. They 
are not confined to the erythrocytes, but can be 
detected in almost all the tissues and fluids of the 
body While these antigens arc always present in 
tissues, they are found in secretions (sal iva, gas- 
t ric juice , sweat) of only about 75 per cent of all 


TABLE 21.1 

Distribution of ABO antigens and antibodies in red cells and serum 


Group 

I Red Celts 

Scrum ' > 

Antigen 

present 

Agglutinated 
by serum of group 

Antibody 

present 

Agglui mates 
cells of group 

A 

A 

B.O 

anti-B 

B,AB 

B 

B 

A, O' 

anti-A 

A.AB 

AD 

A&B 

A.D.O 

None 

None 

O 

None 

None 

anti-A and 

A, BAB 


anti-B 
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persons. Such persons are called ‘secretors’ and 
those who lack blood group antigens in secretions 
are called ‘non-secre tors’. The secretion of ABH 
antigens is controlled by two allelic genes Se and 
se. Individuals homozygous or heterozygous for 
Se are secretors, while those who are se-se arc 
non-secretors. 

A and B antigens arc also found in certain ani- 
mals and plants. They have been extracted and 
purified commercially from the stomachs of 
horses and hogs. Blood group antibodies arc also 
found in some animals. Substances specifically 
agglutinating A or B antigens have been detected 
in some plants. A p otent anti-A; apglu tmin.has 
been extracted fr om Dohchos ft t/lartaandauMl 
from (Jlex europaeu s. Blood group agglutinins of 
plant origin are known as ‘lectins’. 


Rly'iilood group system ^ 


Levine and Stetson (1939) demonstrated a new 
type of antibody in the serum of a woman who 
developed severe reactions following transfusion 
of her husband’s ABO compatible blood. She 
had recently delivered a stillborn infant with 
haemolytic disease. They suggested that the 
woman may have been sensitised by some anti- 
gen inherited by the fetus from its father Land- 
steiner and Wiener (1940) identified in the red 
cells of the majority of persons tested, an antigen 
that reacted with rabbit antiserum to Rhesus 
monkey erythrocytes. This antigen was called the 
‘Rhesus’ or Rh factor. The ‘new type’ of antibody 
described by Levine and Stetson was identified as 
anti-Rh factor antibody. Wiener - and Peters 
(1940) demonstrated anti-Rh antibody in some 
persons who had received ABO compatible 
transfusion. LeVine and colleagues (1941) proved 
that Rh sensitisation was the cause of ha emolytic 
disease o f the newhorn. 

Tfie'Kh system is complex and its study is com- 
plicated by the existence of two different theories 
and nomenclatures for the genes and antigens. 
Wiener proposed that Rh antigens are deter- 
mined by any one of several allelic genes which 
may appear at a single locus and govern the pro- 


duction of the appropriate agglutinogen on the 
surface of erythrocytes. Each agelutino ccn-is in 
turn m:n<p np nftw nrrmkr-jmiiow)4- Fisher, on 
the other hand, postulated that ‘Rh antigen s are 
determined— by-4hree— patTs-of~cinsety linked 
alle lomornhicj icn es. Cc. D el a nd Ee. Every indi- 
vidual possesses one member of each pair of 
these genes derived from each parent. Each gene 
would be responsible for the production of a 
specific antigen, which could be detected by its 
specificanlibody. 

The designation employed by the two systems 
for the different Rh types arc as follows: 

Fisher Wiener 

Rh positive CDe Rhl 

cDE Rh2 

cDe Rho 

CDE Rhz 


Rh negative 


Cde rh' 

cdE rh" 

cde rh 

CdE rhy 


For routine purposes, the typing of persons as 
Rh positive or negative depends on the presence 
or absence of gntigen JD (Rho) on red cells and 
hence can be accomplished by testing with anti-D 
(anti-Rh) serum. This is because D is the most 
powerful Rh antigen and accounts for the vast 
majority of Rh incompatability reactions. The 
distribution of Rh positives differs in different 
races. Among people of European descent, 
about 85 per cent are Rh positive and 15 per cent 
negative. Among Indians, appr oximately 9 3 per 

rent nrp Rh p^itivp 

A variant of D is known as D u . Red cells of D u 
subtype react with some, but not with all anti-D 
sera. Though u cells may not be agglutinated by 
anti-D sera, they absorb the antibody on their sur- 
face. D u subtype can therefore be detected by re- 
acting red cell with anti-D serum and then doing a 
direct Coombs test. For purposes of blood dona- 
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Hon. D u ce lls, are considered Rh positive. But 
when a D u individual requires transfusion, it is 
advisable to use Rli negative blood because he is 
capable of being immunised by standard Rh posi- 
tive blood. 

There are no natural anti-Rh antibodies in the 
serum. They arise only as a result of Rh incom- 
patible pregnancy or transfusion. 

Other blood group systems 


The Lew b-blootLgcaup system consists of two 
antigen<_LeAnULc|ylt differs from other blood 
group sVntms hnTJat the antigens are present 
primarily in the plasm a an d^ahva . Red cells 
acquire the antigen by adsorbing them from 
plasma. The Lewis phenotypes are closely 
related to the ABO group and to the secretor 
status of an individual. Natur ally oc curring Lewis 
antibodies are frequently found in the sera of per- 
sons lacking the correspondi ng an tigen. 

In the MN system, using rabbit antisera, per- 
sons were originally classified into three groups, 
M. N and MN An antigen, S. was later added to 
s tlus system. This has'cnabled the identification of 
ten groups in the MN§ system. 

Blood group systems other than ABO and Rh 
are of little clinical importance as they do not usu- 
ally cause transfusion rcactionsor haemolytic dis- 
case. p»ey have applicates wcenetic&adthro- 
poIogVvSisiue rypmg'anc(ft))cnsic medicine. As 
blood^group antigens are inherited from the 
parents, they arc often useful in settling cases of 
^lisputed paternity. 

Medical applications of blood groups ^ 


trumfuvon. The existence of several dif- 
ferent blood group antigens makes it almost 
impossible to obtain a perfectly matched blood 
for transfusion. But in routine transfusion prac- 
tice, only the ABO and Rh antigens are relevant. 
The other antigens arc too weak to be of impor- 
tance Safety in blood transfusion requires that 
the following conditions be satisfied in choosing a 
donor. 


f fJThe recipient’s plasma should not contain any 
Lx antibody that \\ ill dam age the donor’s ery thro- 
/ ocytcs. 

(2.jThe donor plasma should not hate any anti- 
- body that will damage the recipient’s red cells, 
pj The donor red cells should not have any anti- 
\J gen that is lacking in the recipient. If the trans- 
fused cells posses a ‘foreign antigen’, it will sti- 
mulate an immune response in the recipient. 
Ideally , the donor and recipient should belong 
to the same ABO group. It used to be held that O 
group cells could be transfused to recipients of 
any group as they possessed neither A nor B anti- 
gen. Hence O gro up was de signate d as the *uni v- 
ersal donor’. The anti-A and anti-B antibodies in 
ihiTYransfused O blood group do not ordinarily 
cause any damage to the red cellsof A or B group 
recipients because they will be rendered ineffec- 
tive by dilution in the recipient's plasma. Butt 
some O group plasma may contain isoantibodies | 
m high litre f 1 :200 or abov e ) so that damage to I 
recipient cells may result. This is known as the/ 
‘ dangerous O c roup'. The ami-A antib ody id 

anibB. .Hence O blood group is more likely io 
cause reaction when givcn,to A.group recipients 
than to those of B group. While O group blood 
with low titre antibodies may be transfused to a 
patient of any other group in dire emergency, this 
practice should never be employed as a routine. 
Transfusion of large quantities of O group blood 
to persons of any other group may cause reactions. 

Due to the.a hsr.nfr. nf.isoantibadiesin plasma, 
AB-group-per ions were desigmit cdJuniversal 
recipients’. AB group donors may not always be 
available due to their rarity and it may, on occa- 
sion. he necessary to use donors of other groups 
In such cases, group A blood is safer than group B, 
because anti-A antibody is usually more potent 
that anti-B. 

Rh compatibility is important only when the 
recipient is Rh negative. An Rh positive person 
may safely receive either Rh positive or negative 
blood. But an Rh negative individual receiving 
Rh positive blood may form antibodies against 
the Rh antigen. A subsequent transfusion with 
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Rh positive blood may then cause reaction. An 
additional risk in women is Rli sensitisation lead- 
ing to haemolytic disease of the newborn. There- 
fore it is particularly important that Rh negative 
women who are not past the childbearing age 
receive only Rh negative blood.-^'' 

Besides ABO grouping and Rh typing of the 
donor and recipient, it is invariably necessary 
before transfusion to perform a ‘cross matching' 
to ensure that the donor cells are compatible with 
the recipient plasma. Two procedures have been 
recommended for cross matching. Tn the saline 
cross match, washed red cells from the donor are 
mixed with recipient serum in a test tube and left 
at room temperature for two hours The sedi- 
mented cells are then examined for agglutination 
under the lower power of a microscope. A more 
satisfactory method is to incubate washed donor 
cells and recipient serum in a water bath at 37°C 
for two hours and then do a .direct Coombs test. 
Tliis would bring to light incomplete antibodies 
also, that may sometimes be r esponsible -f or 
transfusion reactions. 

Following an incompatible blood transfusion, 
the red cells may undergo clumping and intravas- 
cular haemolysis or they may be coated by anti- 
body, engulfed by phagocytes, removed from cir- 
culation and subjected to cxtravascular lysis. 
Incompatible transfusion may be accompanied 
by clinical features such as shiverin g, ti oglingsen - 
sation^. b ursting hcadache^ xonstricting-precor- 
efraf discomfort and severe fumbar.pain. Hypo ten- 
sion. col tt clnmmv'skin. cya nosis. Jeehle-nulse 
am Tolher slips of coll npse-jnav-he-seen. Jaun- 
dice , haematuria .oligu ira and a nuria may fofiow. 

Some transfusion reactions may be due to 
| '•'immunological processes other than blood group 
I incompatibility. Rigo r, urtica ria and other mani- 
j testations often occur due to the recipient-being 
, hyper sensitive to some allerge n present in the 
donor blood. Serious reactions follow when 
Intcmolyscd or contaminated blood is transfused. 
Whenever any reaction occurs, the transfusion 
should be stopped immediately. The remainder 
of the donor blood should be sent to the blood 
bank for investigation. 


The most common complications following 
blood transfusion are of infectious origin. Trans- 
fu sion of blood contaminated bv bacte ria may 
lead to endot oxic sh ock or septica emia. Gross 
contamination can be recognised in most cases by 
inspection of the blood before transfusion, as 
haemolysis is usually apparent. Such contamina- 
tion can be eliminated by proper techniques of 
blood collection and storage. Other infectious 
complications are due to microorganisms present 
in the donor The chief of these is viral hep atite 
Screening of donors for HBsAg has helped to 
check .tvpc fL hegatiiis. but it is of no avail against 
non-A non-B hepatitis. The most serious disease 
transmitted by transfusion is AIDS. Screening of 
donors for anti-HIV antibody can minimise the 
risk of infection but not eliminate it altogether as 
HIV viraemia may bepresentin infected donors 
ev en^eToTg'anl>HlV an tibodlesannear. 

C ytomegalovir us transmitted by transfusion 
may cause an inf ectious mononucicosis-l ikesYn- 
drome. S yphil is, may be transmitted by transfu- 
sion of fresTffTlood from an infectious donor, but 
not if the blood has been stored for two days or 
more before transfusion Malaria is another dis- 
ease transmissible by transfusion. 

Whole blood transfusion is now being replaced 
increasingly by blood component therapy, which 
causes fewer complications and results in more 
optimal utilisation of human blood which is a 
scarce commodity. For example, i n_ anae mia. *"7 
p.tcked red celt transfusion is more" beneficial f 
than whole blood as it provides greater oxygen f 
carrying capacity with less circulatory overload I 
and minimal electrolyte disturbance Frozen red I 
cells arc available for transfusion in patients witty 
rare blood groups. Similarly, leucocyte and 
platelet concentrates arc available for specific 
needs. Plasma ervoprecipitates and F actor VIII 
are routinely used in haemophilia. Othcrcoagu- 
lation factors arc also available for different 
coagulation disorders. Such plasma products arc 
manufactured from pooled human blood and 
mav transmit HIV, J fepatitts type B virus and other 
infectious agents unless great care is taken in 
selection of donors and in manufacturing processes. 
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Almost all adverse reactions of transfusion can 
be eliminated by qmnlflgQus blood transfusion 
which is rapidly becoming popular. Here, blood 
is collected from the individual himself and 
stored tor u^c during elective surgery. Blood col- 
lection may be started a month before the 
expected date of transfusion. Autologous trans- 
fusion eliminates not only infectious complica- 
tions, but also those due to minor blood group in- 
compatibilities and hypersensitivity. 

Haemolytic disease of the newborn 

When an Rh negative woman carries an Rh posi- 
tive fetus, she may be immunised against the Rh 
antigen by the passage of fetal red cells into the 
maternal circulation. Minor transplacental leaks 
may occur any lime during pregnancy, but it is 
during delivery that fetal cells enter the maternal 
circulation in large numbers. Therefore, the 
mother is usually immunised only at the first 
delivery and. consequently, the first child escapes 
damage (except where the woman had been sen- 
sitised already by prior Rh incompatible 'transfu- 
sion). During a subsequent pregnancy. Rh 
l antibodies of the IgG class pass from the mother 
to the fetus and damage its erythrocytes. This ts 
the pathogenesis of the haemolytic disease of the 
newborn. The clinical features may vary from a 
mere accentuation of the physiological jaundice 
in the newborn to erythroblastosis foet alis.or 
intrauterine death due to hydr ops foetaj is. 

Haemolytic disease does" not affect all issues of 
Rh incompatible marriages Its incidence is much 
less than the expected figures The following fac- 
tors influence the incidence of hacmolyticdiseasc 
due to Rh incompatibility: 

^ylnuntmohgual unmponmeness to the Rh 
antigen: Not every Rh negative individual forms 
Rh antibodies following antigenic stimulation 
Some fail to do so even after repeated injections 
of Rh positive cells. They arc called ' non respo n- 
ders'. The reason for this immunological unre- 
sponsiveness is not know n » 


Fetomaternal ABO incompatibility: Rh immu- 
nisation is more likely to result when the mother 
and fetus possess the same ARO group. When 
Rh and ABO incompatibility coexist, Rh sensiti- 
sation in the mother is rare In this situation the 
fetal cells entering the maternal circulation arc 
believed to be destroyed rapidly by the ABO 
antibodies before they can induce Rh antibodies. 

Number of pregnancies: The first child usually 
^escapes disease because sensitisation occurs only 
during its delivery. The risk to the infant increases 
with each successive pregnancy. 

s 

.4 Zygasit) of the father: An individual may be 
'homozygous or heterozygous in respect of D anti- 
gen. When the father is homozygous all his chil- 
dren will be Rh positive. When he is heterozy- 
gous half his children would be Rh positive. 

Detection of Rh antibodies 

Most Rh antibodies are of the IgG class and being 
'incomplete antibodies', do not agglutinate Rh 
positive cells in saline A minority arc complete 
(saline agglutinating) antibodies of th e IgM cl ass 
These are not relevant in the pathogenesis of 
haemolytic disease as they do not traverse the 
placenta 

IgG anti-D antibodies may be detected by the 
following techniques: 1) usingJLCuUoid-mcdiunt 
such as 20-per cent Jni> jne jeram albumin, 2) 
using red cells treated with enzymes such as tryp- 
sin, pepsin, firin or bromeiin, and 3) by the indi- 
rect Coombs test The last is the most sensitive 
method. 

Identification of Rh incompatibility 

Rlt typing should form a part of routine antenatal 
examination. When the woman is Rh ifcgatTve, - 
and her husband Rh positive, fetal complications 
should be expected. Women with Rh incompati- 
ble pregnancy shoul d be screened for . Rh 
antibodies by the indirect Coombs test 3t32,-^34 
wctfCC'oTpregnancy'and at monthly inte rvals 
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thereafter. The appearance of Rh antibodies dur- 
ing pregnancy or their increase in litre if they 
were present already, would prove that the fetus 
is Rh positive. If qmn iocentes is is indicated, 
demonstration of RKantigen in the ammotic fluid 
would also prove that the fetus is Rh positive In 
the case of haemolytic disease of the newborn, 
the maternal serum will show Rh antibodies in 
the indirect Coombs test and the infant’s red cells 
will give a positive direct Coombs te st 
f ' When haemolytic disease is diagnosed ante- 
partum, an intrauterine transfusion with Rh nega- 
tive blood may be indicated Red cells introduced 
into the fetal peritoneal cavity will find their way 
into the circulation and will survive normally 
Premature delivery followed by transfusion may 
be necessary in some cases. When a baby is born 
with haemolytic disease, exchange transfusion 
with Rh negative ABO compatible blood is the 
treatment of choice. 

Prevention ofRh isoimmunisation 


Remarkable success has been achieved recently 
m the prevention of Rh isoimmumsation by the 
administration of anti-Rh IgG antibody at the 
time when the antigenic stimulation is expected 
to take place. The passively administered anti- 
body may prevent isoimmumsation by a negative 
feedback mechanism or by afferent inhibition. 
The recommended practice is to inject 100- 
300 fLf» of Rh immune IgG to an Rh negative 
woman immediately after delivery. To be effec- 
tive, this should be employed from the first 
delivery onwards. The Rh immuneglobulin for 
the purpose is prepared from human volun- 
teers. 

ABO haemolytic disease 

Matcrnofctal ABO incompatibility is very com- 
mon and in a proportion of these, haemolytic dis- 
ease occurs in the newborn. In persons of blood 
group A or B. natural antibodies are IgM in 
nature and so do not cross the placenta toTurm 
the fetus. But in persons of blood group O. the 


isoantibodies are predominantly IgGUn nature. 
Hence ABO haemolytic disease is seen largely in 
O group mothers, bearing A or B group fetus. As 
ABO haemolytic disease is due to naturally 
occurring maternal isoantibodies, it may occur 
even in the firstborn, without prior immunisa- 

than Rh diseas e, probably because erythrocytes 
of the newborn have fewer A or B antigenic sites 
as compared to adult erythrocytes. JTlic thrcc t 
Coombs test is therefore often negative in , tins 
con dition, while the indirect Co o mbs lest 
(neonatal scrum with type specific adult erythro- 
cytes) is more commonly positi ve. Peripheral 
blood smear characteristically shows sphero- 
cytosis. 


Blood group and diseases 

It has been shown that some diseases may influ- 
ence blood group antigens. Blood group anti gens 
have been reported to become weak in 
le ukaem ia the reason for this is not known. The 
acquisition of B antigen-by Group A persons has 
been observed following some infections. The 
antigen is believed to come from the infecting 
microorganism. 

Red cell suspensions contaminated with cer- 
tain bacteria, such as pseudomonas aeruginos a. 
become agglutinable by all blood group sera and 
even by normal human sera. This phenomenon. 

nonJ s due to the unmasking of a hidden antigen 
normally present on all human crythrocvtc s^This 
is calle<| X Anti-T agglutinins arc nor- 
mally present in human sera. Such panagglutma- 
bility of red cells has occasionally been observed 
in personssuffering from systemic bacterial infcc- 
tions. 

Several investigators have attempted to corre- 
late blood group and susceptibility to certain dis- 
eases. It hasj>cen shown that duodenal ulcer is 
m ore frequent in persons ol hlootl croup, O t han 
i n othe rs An association has also been estab- 
lished between croup A and cancer of_l hc 
stomach 
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Staphylococcus 


Staphylococci arc G rgm positive cocci that occu r 
in grape-like clusters^flicy arc ub iquito us and 
RffSTTH e commonest caused localised suppura - 
tive lesions in man. T heir ability to d evelop resis- 
tance to penicillin ami other antibiotic s e nhance s 
their importance as ahuman pathoge n, especially 
in the hospital environment. * 

S taphylococci were first observed in huma n 
pyog enic lesions hv von Recklinghausen in 1871_. 
Pasteur obtained h q uidVullurcs of th e 

cocci from pus and pro d uced abscesse s_J?y 
i noculating them into rabbits It was -Sir Alexan - 
der Ogston. a Scottish surgeon, who established 
conclusively the causative role of the" coccus ~in 
abscesses and other suppurative lesionsJ lKSt)). 
He also gave it the name Staphylococcu s 
( siaphyte, meaning a hunch of grapes, kok - 
ko\, meaning a ber ry) from the typical occurence 
of the cocci in the grape-li ke cluster s in pus' 
and in cultures . Ogstotwionce Jlliat nonviru lenl 
staphylococci w ere also of ten present on ski n 
surfac es. Most staphylococcal strains From 
pyogenic lesions were found to produce golden 
y ellow colonics and strains trom norm^Lskm . 
while colonies "on solid media)! H osenbach ( lh84) 
named tTiem Staph, aureus and gibus, res- 
pectively. Pas set f I, S85J described a third variety. 
Staph, citrcin, producing lemon vellow colo- 


laboratory criteria that could be tested conve- 
niently. These included haemolysis, jggfafjg 
liquefactio n. linolvtic activity and production o_f 
urease and.. phosphatase.— None of these was 
found reliable. There is a general agreement bg l-l 
ween virulence and production of the enzviflg C 
coaculase, and to a less extent, fermentation o f j 
mannitol S taphylococci are therefore classified 
into two groups, based on coagulasc production. 
Stanh, cmreusJoUcn called Staph, pyogenes also ) 
which is coaculase positive, mannitol termenttQg 
and usually pathogenic . They produce toxirti. 
Most strains form -golden vellow colonies t houg fi 
some may be white or cream coloured; add 
Staph, epidenniefis (often called Staph, albu s 
als o) which is coagulase negative, piaqmtol non ^ 
fermenting and ustt^llmonpathogenic. T hey do 
norproduce toxins. M ost strains form white col- 
onies. though some may he pigmented, y __ 


Staphylococcus 


Morphology: The y are spherica Lcoc ci. app roxi- 
ma tely jp. in diameter, arranged characteristi -. 
c ally in grape-hke clusters ( Fig. 22 J) Cluster 
formation is due to cells dividing sequentiallv in 


association between virulence and pi g- 
m ent production was not found tolTeconstant . As 
distinction between pathogenic and non- 
pathogenic staphylococci is important in diag- 
nostic practice, several attempts have been made 
to establish a correlation between virulence and 


petting located by the action of separation 
enzymes to yield typical irregular cluster s. They 
inay'aTso be tound singly , i n pairs and in short 
c hains of three or Tour ce lls, especially when, 
examined fr om liquid cultur es. Lone rhairi s 
never occur. They are nonmotile , nonspontig, 
and .noncansnlated _thrivph~^pc7TTpt i have hep-n 
demonstrated in_v.oung cultures of many strains 
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They stain readily with aniline dyes and arc 
u niformly Gram positive . Under the influence n f 
y penicillin a mi certa in xbenucak tb&y max change 
(o L lorm s. I he ccnus Sfnnhvtncocciis hasat leas t 

2iiiEs^i£s. 

' 'M (ip 

■'W 

v ^ >Ji& 

X <?' 

- - era * -; 

Fig, .22.1 $taptnla«*.cus in * smear of put 

Cultural charactemtu.\ They grow_rcadily on 
ordinary. media within a temperature range of 
10-42*0. the optimum temperature being 37*0 
apd pH 7.4-7 fi They arc aerobes and fncnltaim *— 
anaerobes . 

On nutrient agar, after incubation for 24 hours, 
the colonics arc large (2-4 mm diamete r), circit - 
jar . convex, smooth, shiny. onaqtie~nnd easily 
emuisifiable Most strains produce golden yellow 
pigment, though some may be white, orange" nr 
yellow The pigment does not diffuse into the 
medium. Pigment production occurs optimally at 
J22°C and only, in aerobic cultures. Pigment pro- ■ _ 
duction is enhanced whe n 1 % glvceml monoace - 
Ijite or milk is-incomoratcd in the medium the, 
pigment is believed to be a lipoprotein allied to 
carotene . 

/ On nutrie nt agar slope, their confluent growth 
presents a characterisiig^ oil-palnt* a ppearance . 

The colonic s on blood agar are similar to thos e 
pn nutnent agar. Most strains are h aemolytic . 


especially when incubated under ggxu, 

carbon dioxide . they produce 1 i fl type _n f 
haemolysis. Haemolysis is marked Twta bhit or 
s heep blood an d weak o n liorse hlot id^Tgar. 

They grow on M.icConkrv's medium , produc- 
ing smaller colonies that are pink due to .ljcimc 
fermentation ~~~~ 


Several selective media have been devised for 
isolating Staph aureus from specim ens such as 
f aece s containing other bnuc n.i. I iicsc include 
media containing K^Itl per cent NaC't ( salt-milk 
agar, salt hroi li). lithium chloride and tellurij c 
( Ludlam’s medium) and polymyxin . For primary 
isolation s heep blood agar is recommen ded r 
Human blood should not be used asatmay con- 
tain antibodies or other inhibitors 



Fig 22 2 Antigenic structure of staphylococci. J. Capsule 
(some strains) 2 Cell wall protein antigens (multiple anti- 
gens. several widely distributed) 3 Pcptidoglycan tcichoic 
and complex (site of bactcrophjgc attachment. species 
antigen present) A Cytoplasm 5 C>toplasmis membrane 
t> Cell wall 
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Biochemical reactions: They ferment a number of five hundred thousand and brilliant green, one in 
sugars, p roducing aci d, but no ga s. This is of no ten million. 


diagnostic value except fo r mannitol, which is Fatty acids inhibit the growth of staphylococci. 


usually fermented by Staph, aureus but not bv the highly unsaturated acids having a more power- 1 


sitive ful action on coagulase positive than on coagulase 


drolvsg~gfea. negative strains. Staphylococci are uniformly resis- 


tant to Ivsozvme, but some micrococci are sensitive 


Production of phosphatase can be demonstrated^ Staphylococci were originally sensitive to sul_- 
by culturing on nutrient agar c ontaining phenpl- '^ phonamide s. penicillin and other antibiotic ?, but 
hosphate. When such a culture is they develop drug resistance so readily that most 


expdseg to ammonia va pour, co 


strains, especially those from the hospital envi- 


Iphthalein . This is a useful screening proce- 
dure fordifferentfating Staph, aureus from Staph. 


fe presence of free ronment, are now resistant to the drugs in com- 





mon us e. Resistance may be due to the following 
factors: iLK’Beta-lactamase production, e.g.. 


emcillin G, ampicillin, ticarcillin and similar 




aemolvsison blood agar.v 


5yijQuefies gelatin, v* p hosphatase is produce d, 
and in a medium containing potassium tellu- 


nte, reduces tellurite, producing black colo 


ansmitted bv transductidn and also 


enes in thechromo 


d, e.g., resis- 
tance to methicillm, oxacillin, nafcillin.’y fWhen 
there is difference b gl^een minimum ;r| b ih 'tprv 
concentration and_ 
tjon. the organisms become ‘tolcrn n t " .jVfr' MuIti 
pie drug resistance due usually to several dru 




Resistance: Staphylococci are among- the more 
resistant of .nonsporjng bacteria . Dried on 
threads, they retairnheir viability for 3-6 monihs ; . 
They have been isolated from dried pus after 2-3 


own resistance marker s. A bacterial cell may 
carry more than one plasmid each with its own 
r esistance mar ker. Plasmids carrying resistance - 
to er ylhromvci n. mercury and other metallic ion s, 
tetracycline, chloramphenicol, neomycin and 



perchlonde 1% solution kills them in 10 


Many aniline dyes are strongly bactericidal, crys- 
tal violet being lethal at a concentration of one in 


neumococci. corynebacteria and 
aerobic sponng bacilli. Gram neg at ive bacteria 

















fig. 22.2 Bacteriophage typing of staphylococci 


lias an emetic effect m cats, acting perl _ 

rally . By precipitation tests, six antigenic types 
have been distinguished, A tojr. of which, types 
A~anuB are the most imooYtant . Not at! strains 
produce enterotoxin. S trains producing the toxin 
usually belong to bacteriophage croups III ( 6/4.7 ) 
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Exfoliative toxin: This epidermolytic toxin pro- 
duced by some strains belonging to phage group U 
(also of some other phage groups) deads to. a 
variety oLexfoliative skin diseases, including 
generalised exfoliation (Ritter’S syndrome), 
V toxic epidermal necrolysis . localised bullou s 
i mpetigo and generalised scarlatmiform erup- 
bom.ThiS clinical picture is called the ' staphy- 
S l ococcal scalded skin syndrome' . This syn- 
drome is usually found in children under four 
years of age. Two types of the toxin . Exfolialm A 
and Exfoliatm B have be en described. 

.. In common with streptococcal PVTO fgn ir lnY ' n 
Stapfi aureus produces a toxin which cnuscs_a 
scarlatmiform rash This toxin may be associated 
with the sea rla Uniform syndrome caused hv 
Smoh auretei Tn persons with Kawasaki diseas e. 

Other toxins • Staphylococci also produce 
bxshiiaflidase, fi hrinolvsin (staphylokinasc). 
nucleases , lipases and proteases, but their 
pathogenic significance, if any, is not known. 
Three types of low molecular weight proteins , 
catled pyrogenic exotoxins A.B and C. have 
been characterised T ype C pyrogenic exotoxin is 
produced by staphylococcal strains causing the 
toxic shock syndrom e. 

Staphylocoagnlase- Staph, aureus has the prop- 
erty of clotting human or rabbit plasma. This is 
brought about by the enzyme coagulase, which, 
along with an activator, the coagulase reacting 
factor (CRF) present in plasma, converts fibrino- 
gen into fibrin. Clotting does not occur withjhe 
^Ucswxi. v\( owuvsv sleeves (e g. . g,w.gv\ ?>•>%) 
because they Jack CRF, Seven antigenic types of 
coagulase have been described Most human 
strains produce coagulase A . 

When a saline suspension of Staph aureus is 
mixed on a slide with a drop of plasma, the cocci 
are clumped. This is due to the precipitation of fib- 
rin on the cell surface by the activity of the ‘bound 
coagulase" or ‘the clumping factor’,. The free and 
bound coagulase differ in several respects. Free 
coagulase is a heat labile cnzvme secreted free 
into the medium, that requires the coopcrationof 


CRF for its action. Bound coagulase is a heat sta- 
ble constituent of the cell wall and is independent 
of CRF. Only one antigenic type. of bound 
coagulase has been identified. The two types of 

coagulase usually go together, 

As the criterion fordifferentiating .between 
Staph, aureus and epidermidis, coagulase testis a 
routine laboratory, procedure whenever staphy- 
lococci are isolatedJThc test is usually. done by 
two methods, the tube and slide tests. 

The tube coagulase test detects free coagulase. 
Approximately 0.1 ml of an overnight broth cul- 
ture or an _agar. culture, suspension of Jthe 
organism is added to approximately 0 5 ml of cit- 
rated, oxalatcd or hep.iriniscd human or rabbit 
plasma (diluted 1 in 5 with sa!me)inanarrowtest 
tube. Diluted plasma alone in a similar .tube 
serves as t he control . The tubes are incubated in a 
water bath at 37°C for 3-6 hours . If positive, the 
plasma clotsa nd docs not flow w hen the tube is 
inverted. On cuntmued i ncubation, the c l ot may 
he .lysed by f i brinolvsin produced bv som e 

strain s. 

The slide test detects bound coagulase. From 
an agar culture, the organism is emulsified in two 
drops of saline placed on a slide. After verifying 
that there is no spontaneous agglutination, a drop 
of undiluted human or rabbit plasma is added to 
one of the emulsions and mixed gently. Prompt 
clumping of the organism indicates the presence 
of bound coagulase. Though simple and in gen- 
eral useful, the slide coagulase test should not be 
used as the sole technique in the diagnostic 
laboratory. False positive results are caused by 
civrate bwttesVi s>\K.V> ws cwtasococcv wwd 

pseudomonas. In doubtful cases, the tube test 
should be done for confirmation . 

^ Coagulase promotes the virulence of^the 
organism by i n h i b 1 1 mgpha gocy t os is .T t alsotftro- 
tects~tHe - ccIjs~I7om the bactericidal substances 
present m t issue fluids. By laying down a fibrin 
barrier around the cocci, it hel ps inwallingoff the 
-lesion.^ 

Pathogenicity : Staphylococci ca use the majority 
of acute pvogeniclcsions in maiK Staphylococcal 
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lesi ons are cha rac teristically localised in contrast caused b y staphyloco'cci ( bullous impetigo, p em- 
to th e spread ing nature of streptococcal lesions. pTiigus neonatorum. Ritter's disease, toxic epi- 
Staphyl ococcal diseases may be classitied as derm alnecrolystsl. ~~ * 

cutaneous and deep infections, acute toxaemia, J 



contaminated with 


hvlococci is consumed. The^types of foo d ana may per sist on them for days or weeks , 
usualjy responsible a re meat , fish, milk and m ilk Stfrplivlococci may al so _ come from infected 
pro'ductsT suuicient time should elapse between domestic animals such as cows, 
staphylococcal contamination of the food and its —Staphylococcal disease may tollow endogen- 
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pres ent in the hospital environment . the so-ca lled 
' tlSspital strains'. T h ey belong to a limited number 
ol phage types and are commonly resistant to - 
pdhtullin and other antibiotics routinely used in 
hospitals. Some of them, the ‘ep id emic strai ns’ 
ca use epfdemics oT hospital cross infectinns_T he 
first *0f these to be recognised was ph age type 
80/81, ^hi ch acc ounted for most of staphylococ- 
caTThfcctions in hospitals throughout the world. 
From 1957, theyTiave been replaced by strains of 
phage group II! (type 83A). 

Measures for the control 'of staphylococcal 
infection in hospitals include, \h) isolation of 
^pa tients with open s t a ohvlococcal losinns- 

gcons, nurses and other hospital staff and keep- 
i nTflTi ein away lrom~ work till the lesions .'ire 
healed, and strict 
.. If an out! 


t heatres. If an outbreak of staphyldcoccal sepsis 
occurs, a search may be made for carriers among 
the hospital staff. Vh'ose detected should be 
treated with local applications of neomycin and 
chlorhexidiner Income institutions in America, - 
eradication ol tfic virulent resident strain has 
been attempted by the deliberate dissemination of 
a strain of low virulence. The latter may oust the 
former by interference. Antimicrobial prophylaxis 
by topical applications of antiseptics such as* 
hcxnchlorophenc also has been found useful. 


Laboratory ih a g nosis: Th e specimens to be col- 
le cted depend on 'the type of les ion (e.g.. pus from 
s upfrurative lesions, sp utum from respiratory 
i nfections). 1 n cases of food poisoning, faeces and, 
vt. Tr>?iyriS ■ssrepeetc.'A S’qq Ci s ht-ufa V)e"ctAtec*ieiS . 
Ffor detection of carrie rs, the usual spccimcnj s 
the nasal swab: sv y abs from the perineum, pieces 
of hair and um bili cal stump may b e necessary in 
s pecial situations. 

Direct micros ocopy wi th Gram stained smears* 
ts useful with pus. w hcrc Wrci in c lusters may bfc 
s fcerT. 'I' his i s of no value wit h specimens like 
sp utum where mi xed bacterial bora* afg nor mal!) 
presents ’ 

Diagnosis may readily be ma de by culture. The 
specimens are plated on blood agar. Mapnvlococ- 


cal colonies appear after overnight incubation. 
Specimens where staphylococci are expected to 
be scanty or outnumbered by other bacteria (e.g. 
swabs from canters, faeces from food poisoning) 
are inoculated on selective media like Ludlam’s 
or salt-milk-agar or- Robertson’s cooked meat 
medium containing 10 per cent sodium chloride. 
Smears are examined from Jfic cultures and the 
coagulase test done when staphylococci are iso* 
lated. Antibiotic sensitivity tests should be per- 
formed as a guide to treatment. This is important 
as staphylococci develop resistance to drugs readi- 
ly. Bacteriophage typing may be done if the infor- 
mation is desired for epidemiological purposes. 

Serological tests may sometimes be of help in 
the diagnosis of hidden deep infections. Anti- 
staphylolysin (anti-alphalysin) titre of more than 
two units per ml, especially when the titre is ris- 
ing, may be of value in the diagnosis of deep- 
seated infections such as bone abscess. 

Treatment : As drug resistance is so common 
among staphyloccci, the appropriate antibiotic 
should be chosen by antibiotic sensitivity tests. 
Ben zyl penicillin is the most effect ive antibiotic, if 
the strain is sensitive. Methic ill m and cloxac illin 
are effective, against JpFnicillinase producing 
strains. For mild superficial lesion's, systcrhic 
antibiotics may not be necessary. Topical appli- 
cations of drugs not used systemically. such as 
bjcitracin, may be sufficient. 1 

Some strains show the phenomenon of drug 
tolerance. These strains will be found as suscepti- 
ble' in the disc sensitivity test, but their minimum 
tatVtiYCV&l »*»Ul be. v«y eiw.cb 

than their minimum inhibitory concentration. 
They are not killed by antibiotics in the usual 
doses and persist, leading to failure in eradicating 
the infection ' " 

The treatment of carriers is by local applica- 
tions of suitable antibiotics and aTitiscptics. 

For the treatment of some'chrdnic'infections 
such os recurrent furuncles, resistant to the usUal 
therapeutic measures, autovaccines have been 
tried, sometimes with considerable- success. 
Antisera are of no vafueinlrcatment. 
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Staphylococcus intermedius 

Some c oagulase positive stra in s, with charac ters 
intermedi ate between Staph, aureus and epid er- 
midis h ave been designated Staph, ituerniedhis . 
Theynfe~ mainlyof animal origin. - ~ 

Coagulase negative staphylococci 

staphylococc i is still unsettled. They are generally 
groupecfThto t wo species, Staph, cpidennidi s and 
Staph, saprophyticus, each with many biotypes. 


Staphylococcus eptdermidis 


some surgical prostheses such a s the Spitz-HnU er 
valve. It is often difficult to decide their clinical 
significance when isolated from specimens. Their 
aetiological role may have to be proved by 
repeated isolation. 

Staphylococcus saprophyticus 

This coa pulase negative sta p hylococcus h as 
become clinically imp ortant as> common caus e 
o f acute uunary "tract infection, p articularly in 
young wbmen. The infection is usually self-lim ited 
but may occasionally leacfto renal involvement. 
I t may also cause urethritis. I t differs from Stap h, 
epidernudis in being resistant to novobiocin. 


These are coagulase negative staphylococci Micrococci ^ 

which are patra t me skm?l ora - They are usually \ 

but are common contaminants The se are Gram positiv e; c luster-forming coc ci 
which differ trom Itaphylococci in attacking 


ey may act as opportune 


HBTiTuit rr^nli few r- n 

l air .um Bm .n a il - - 
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Streptococcus 


Streptococci are Gram positive cocci arranged in 
chains. They are important human pathogens, 
causing pyogenic infections, with a characteristic 
t endency to spreat i , as opposed to staphylococcal 
lesions, which 'arc typically localised They arc 
also responsible for npnsupQurative lesions, 
jjgtitc rhcum 4 jic fever and glomerulonephritis, 
which occur as sequelae to streptococcal infec- 
tion. ' *■ 

Cocci in chains were first seen in erysipe las'and 
wound infections by Billroth (1874), who called 
them streptococci (r treptos, meaning twisted or 
coiled). Ojston (1881) isolated them from acute 
abscesses, distinguished them from staphylococci 
and established their pathogenicity by animal 
inoculation. Rosenbach (1884) isolated the coCci 
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from human suppurative lesions and gave the 
name Streptococcus pyogenes. 

Classification of streptococci 

Several systems of classification have been 
employed, but in medical bacteriology, the fol* 
lowing method is useful (Fig. 23.2). 

Streptococci arc first divided into obligate • 
a nacroi )es an d facultative ana erobes The (inner 
arc designated pepto streptococc i and are consi- 
dered tn a later chapte r. The aerobic and faculta- 
tive anacrobic/treptococci are classified, based 
on their haemolytic properties. Haemolysis was 
first proposed as a criterion for classification by 
Schottmuller (1903), but it was established on a 
firm basis by .Brown (1919)* Employing me at 
infusion peptone agar with 5_% horse blood, 
Brown recognised three types of reactions. 

1 . Alpha (a) haemolytic streptococci produce a • 
greenis h discolou ration with partial haemolysis 
arou nd the colo nics. The zone of lys is is~ sma ll ( I 
or 2 mm w ide), with indefinite margin* , and 
unly sc~d erythro cytes can be made o ut micro- 
scopically withint his zone. 

2. Beta (p) haemolytic streptococci produce a 
sharply defined, clear, colourless zone of haemoly 
sis, 2 or 4 mm wide, within which red cells are 
completely lysed. 

3. Gamma (y) or nonhacmolytic streptococci 
produce no change in the medium. These are 
sometimes called indifferent streptococci. 

Most of the pathogenic streptococci fall into 
the beta group and are called the 'haemolytic 
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Aerobes and facultative 
anaerobes 


Obligate anaerobes 
Peptostreptococci 


Haemolysis] 




1. Alpha 

(The \ iridans group) 

Classified into species by physiological 
and biochemical properties . 

^ eJl '' 


l 


3. Gamma rBK* 

— (The enterococcus group) f 

—Classified into species by physiological 


2. Beta 

N (The haemolytic streptococci) 


.. ^nd biochemical properties 


7^^^ J A -u%^7) 

» 19 Lancefield Groups ' (ABCDEFGHKL 
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—Group A - Sft rpfococcm nyog eaes 


►>] ?- 

Serological typing j (M Protein) 

— Griffithrypes (1 23 ,etcj) 


Rg 23.2 QassiGeatton of streptococci 


streptocOcaTThe a7 pTi5"2 t fe p tococci are gener - 
ally mmmensal^nT felhrQai. though they may at 
times produce opportunistic-infection s. Because 
of the distinctive greert colour they produce, they 
are called the ‘ vjrjdans group* (Str, viridans). The 
gamma streptococci include the faecal strep - 
tococci (Str. faecalis , enterococcus) and related 
species. They are called the ‘enterococcus 
group’. 

The haemolytic streptococci were classified by 
Lancefield (1933) serologically into groups based 
on the nature of a carbohydrate (C) antigen o n 
the cell w all. These are known as Lancefield 
groups,^ 9of which have been identified so far and 
named A-\/ (without I and J). The great major* 
ity of haemolytic streptococci that produce 


human infections belong to g roup A. Haemolytic 
streptococci of group A are kn own as Str. pyogene s. 
These may be further subdivided into types based 
on the protein (M,T and R) a ntigens present on 
the cell surface (Griffith typing). About eighty 
types of Sir. pyogenes have been recognised so 
far. 

Streptococcus pyogenes 

Morphology. The individual cocci are 'spherical 
or oya l, (L5~1.0 n in diamete r.' Since variations 
result from cultural conditions, e.g. , wnen grown 
anaerobically, they are somewhat smaller. They 
ar e ajrranged m chajns, tlie length ol which Varies 
within wide hmiXand is influenced by the nature 
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of the culture medium, chains being longer in 
liquid than in solid media. Chain formation isd ue 
to the cocci dividing in one plane only and t he 
daughter cejK hiding to separate com pletely, 
there is often an appearance of pairing within the 
chains. Significance" - was once attached to the 
length of the chains and streptococci had been 
classified accordingly {Sir. tonum and breiis). 
but this has no re levance to virulence or oth er 
proper ties 'In hilt. sonteSto/ipathog^nh.* strep-y 
^ tococci form the longest chains. c .g ^Sjr . 
salivarius.. 

Strcphtcocct arc nonmotde and nonsponn g. 
Some strains o f Sir, pyogenes and som e group C 
strains have ca psules- composed of hyaluron ic 
tictcT syfillc -polyMocIiaridc capsules arc, enc oun- 
tered in mcmncis of groups It and D. t hese cap- 
sules arc best seen in very young cultures. 

l. forms. Protoplasts may be induced by penicillin 
or phage associated It sin and may be propagated 
on hypertonic media to produce L forms or col- 
onies Removal of pcncilhn usually allows rever- 
sion to parent strains However, there may be 
stable L torm strains that arc no longer capable of 
reversion The role of L forms in disease states on 
in the persistence of streptococci in tissues is 
unknown 




- 


tered, which arc typical of Sir . pyogenes in other 
respects. 

In liquid media, such as glucose or serum 
broth, growth occurs as a granular turbidity with 
a powdery' deposit. No pellicle is formed. 


(. ultuutl t/i«r«uem»tv. U is an acruhc and fac ul- 
ta tive anaerob e. growing best at a temperature of 
37°C (range 22°-42°C), It is exacting in nutritive 
rei|uirements. growth occurring onl y in media 
co ntaining fetmcniable carbohydra t e*, or cjriched 
yvjth hl ood or scru m. On blood agar, after in cu- 
bation for 24 hours ? the c olonies are sma ll (0.5- 
1.0 mm) circular , se mitransparen t, low^ convex 
discs w ith a n . yea of clear haemolysis around 
uum GrowihTmd haemolysis are gjumufSTEy* 
HI per cent COj Virulent strains, on fresh isola- 
t i on .from lesions, produce a ‘matt* (finely granu- 
lap colony , w hile ayirulent strains form ‘ glpssj ' 
colonies— Strains with well marked capsule s 
produce ‘mucoid’ colonics, corre s ponding in 
virulence to the _matt type^ Very > rarely, 
nonhaemolvtic group A streptococci are encoun- 


Biochemtcal reactions: Streptococci ferment sev- 
eral sugars producing acid buM] 0 _gas, Fermenta- 
tion of sugars (sorbitol, trehalose, lactose, mal- 
tose* dextrrpemannitol) has been made the basis 
(if a physiological classification of the genus, but 
this has been replaced by serological grouping in 
the case of haemolytic streptococci. 

Streptococci arc ytgrtnlasc negativ e. Tlicy are 
not soluble in 10 per cent bi le, unlike pneumo- 
cocci _ 

r 

Resistance: Sir. pyogenes'}* a dJu^at^Organism, 


easily destroyccttv hfcat Y54^ for-30 minute s). It 
dies in a few days'! if {rblturc's.Xmless stored at a 
low tcmpcrnture_{4 9 ), preferably |n -Robertson's 
cooked meat medmm. It cun, however, survive in 
dust for several weeks, if protected from sunlight. 
It is rapidly jnpetivatcd by antiseptics, ft ismore 
ygstJnt TO uystaT vToleilhjn ' many bacte ria, 
in cluding Staph, aureus , anti hence thislly e is 
'usetffor prepa ration ol selective jncdia . It is sus- 
‘ccpvibTe to sutpho n amides and many a ntibio tics . 
bytnujlikc Sra nh. aureus, docs not develop resis- 
jatfee to _arugs. Sensiti vity to bacitr acin is 
em ployed as a convcn'iei u . method Jortlfff eren- 
dating .Sir, pyogenes lrom other haemolyt ic strep- 
tococci. 


Antigenic structure : Fig. 23.3 illustrates the dis- 
position of various antigens in Str'pyogenes. The 
capsule when present inhibits phagocytosis. It is 
not antigenic in man. 

The cell wall is composed of an outer layer of 
fimbria containing p rotein and Ijpoteichoicaci d. 
a middle layer of group s pecific carhohyd rate and 
an inner layer of pep tidoglycan ■ < 

The peptidoglycan (mucoprotein) is responsi- 
ble for cell wall rigidity. It has also some biologi- 
cal properties "such as pyogenic and thrombolytic 
activity. ’■ • 
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^idcs these, the M protein also acts as a virule nce molecule (serum albumin or RNA^VH is 
'aetorby mKibhingpha^ytosj^rThe C polysdc- tein. but is not antigen ic. Con valescent serailo 
rhnffdeTin* lvi!iHhn\x n lo Haiiva iowf effort on » niii nf»iiTrnli«' *irpntMlv<;itC i i nrliitru ti 1c tnht. 


rtarltdeTias bccnsKoun to have a toxicc ffecTon ^not ne utralise streptolysin*^ activity ? itis inlu- 
:onnectivetrssiiies mexpenmen bl anima ls . tr bited nonspeciiically by scrum lip oprote ins. It. 

C, 0 *>tfas been shown experimentally to be ‘ nephro- 

f heinol}\insj Streplococcrproflu£e"Two liaemo- toxic , but its significance in pathogenesis is not 
ysins, streptolysin 'P^md^S^lreptolystnp is 'understood. 

,o called because it is oxveen uih ile. It is inactive j/C 

rTtlie'oSldi^d fonuTbw may Sc reactivated hy C ru/imgenir (Dick. sntr!niinn!\ form : It witslong 

reatment with mild reducing agents. On blbdjj believed that^the s oarlatinifonn ra sh of scarlet 

tgar, streptolysin O activity is seen onlyjn pour k fever was a'prjrnary. reaction to thejoxjn/'It is 
iliitCs and not in surface cultures. It may be-.;' how generally accepted that the erythrogemc’acti-' 
.ibtamed'in the active state by growing strep- vuy is an expression oftbe enhancement of'hyper- 
ococci in broth containing reduemf? nae nts such sensitivity to ath'er ^tr'CpfcJcoccal products and, 
i< sodiOm lAdrosulphne /lt is also heat labi le, it that the primary toxicity of these substances is 
ippeats to be important in contnhutiaelo viru - manifest as py rogcnicit y’-througn'byfiothalamic 
cnee . INs'lethal on'inlravenous injccliyn into stimulation; enhanced susccfn ihpiivt^endot ^xic 
imnvuls and has a speci fic cardiptoxic acfiv ittxJt shock , lymphise^t ynnlogencsi^antl.Vuppressi on of 

las leucotoxic activity ".nso. in us blCTRjgical antibody response bv.n Uerntion o f the activity of 


iclturr, streptolysin O VesVmb ks "thtTlmreiy lymphocytes. Hence they are more appropriately 
. jbilc hnemolysin of Cl. perfringenss Cl. letnn i termed streptococcal pyrogcniccxotoxyis Three 
ind the pneumococcus? v" distinct immunological types, A.B and C. fiave 


jbilc haemohsin of Cl. perfritigens^ Cl. letnn i 
ind the pneumococcus.' : v' 

Streptolysin O is antige nic and antistreptolysin 
regularly appears in sera following stre ptoco ccal 
election Estimation of this arTufocly T A^O > 
tltn*)'T Th standard serological procedure for th e 
retrospective? diagnosis "of infection with _l'6tr. 


been described, though they show- somc immu no- 
logical cross reaction Tliey slinmiatP-ncutrahs- 

K nown to form pyrogenic exptoxin^ ut jot till of 
its strains do so. Toxin nroductinnis apparently 








Scarlet fever is a special variety of streptoco c _ 


cal sore thro at where the infection is cause 
Pro teinas e : This is another instance of an appa- strain produci ng the 
rently sel f-destructive enzyme , since it is capable accounts' tor the ch 
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Scarlet fever, once a very seriousdisease of .serotypes only. Impetigo and streptococcal infec-^ 
colder countries, causing epidemics Jn Jnstjtu- j tion of s cabies lesi ons arathe main caus g s leading ■ 
tions such as.boarding schools is now but rarely to 3cute*~gl6meniloncphritis. jn children injhe 
seen. This is uncommon in the tropics and does Jjgplcs. 

not occur in India. Hn pyoderma, antibody response to streptoly- 

J;om } lhe ihioal, streptococci may s pread to sin ‘O’ is not high and ASO estimation does not 
the s urrounding tissues, leading to s uppurativ e have much clinical significance as in pharyngeal 
com plications, such as olitis me dia, mastoidmy' infections. Antibody to DN A-se B^nd hyaluroni- 
quinsy r L udwig’s angina and suppurativegdenir dase are more uscfulifUcTrospectivexfiagnosispf/ 
tis. It may-rare! v lead to meningitis. falreptococcaV. pyoderma antecendent to acute glojnerulone* 

pneumonia seldom follovti M'roat infection but phritis ___ ^ V 

may occur as a complication of influenzapr other . . . 

respiratory viral diseases. t v _ 3 j5em7al infect ions: Both aerobic and anaerobic 

’ streptococci are norma) inhabitants of the female 

2. Skim iqfecugnsfiStr. pyogenCr^auscs a variety) genitalia. S tr. pyogenes is an important cause of 
of suppurative infections riFthe skin . including. ftpfferperal sepsis, buthere, the infection is usually 
- .i nfi-ction of wounds or burn 's, with a preelection OduoTd irom without. Anaejobic stjppjjococ- 
I to~ aroduce-l ymphangtis and cellulitis. Infection cal puerperal infection is more ofleri/endogen- 
'2( of minor abrasions may at times lead to fatal sep* ous. Puerperal fever caused by Str. pyogenes used 

ticaemia. . to take a heavy toll of life beforeasg ptic pragtjces 

The two typical streptococcal infections of the were introduced for delivery . ’ ~ 

skin are erysipelas and impetig o .(The former is Jr ^ * „«sj 

diffuse infection involving lh5 superficia l lyrp- 4. Other suppurative infections: S ir py ogenes 
1 p hatic s. The-affecte d ski n, which i s red, s w ollen ' may cause a bsdgsses jp internal orc aoIsuSb as the 
and indurated , Js sharply demarcated Irom th^~- ) J)rain, lupg. livcLaDcLkidney.a ndmay.alsa.cause 
surrounding Jieallhy area. -While, erysi pelas i i sepuaemiajwdpxacmh.^. s/ ' 

commoner m older patients, /impetigo is^fpund , — , . — 

mainly in young-children. Impetigo is cau sed bv S. Nonsuppurative complication s: Jjtr, pyogenes 
Str. pyogenes belonging to a limited num ber of infections lead to two important nonsup purative 


TABLE 23.1 

^Comparison of rheumatic fever and glomerulonephritis 


Acute rheumatic fever - -AaUe^lomeruhnephrilis — 


C Sile of infection 
"f Prior sensitisation 
J; Serotype of Str. Pyogenes" 

t& 


f Immune response . 

4 Complement level '• 7 -'" 
t-Hcrednary tendency 
t Repeated attacks ' _«*— 
, 'SPcnicillin. prophylaxis ■ 
—./Course _ v . 

\PiognoVis , , 


Ma rked " 

• Unaffected 

Present Z: 

—Gammon / 
—Essential 
Prog ressive or static 
Variable '^ v . 


Throat or skjn 
Not necessary x/f. 

~ Pyodcnrta types2Ap',3J^ 
59^6ran]l phar yngiti s* • 

' 'strains I an d 12 ( lead oh to 
acute glQtneralo acpfimis .y 
Moderate^ 

^Lowered 

irNot known - - • 
Absent 

vNor indicated 
Spontaneous res olutio n* 
'Good . ... 
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sequelae — a cute rheumatic fever and acu te 
J^gB£ Qllflaepb5^ fbese r.rlmpnratiorK 
* one to three we eks after the acute infection so 
that the organism is no longer detectable when 
sequelae set in7 They differ in'a number -of 
respects as t6 their natural history (Table 23.1). 

The pathogenesis of these complications is not 
clearly understood. The essenti al lesion in 
rheumatic fever is carditis< -i ncluding connectiv e 
t issue degeneratio'rwTThe heart valv es and 
inflam matory myocardial lesions ^characteris ed 
by Aschoff nodules. The lesions are believed to 
be th e rpsu it of hy persensitivity to some str ep- 
toc occal componen t, p roduced by repea ted 
i nTecii onsTji has also been suggested that there 
may be an element of a u roim munity involved and 
antige nic cross reactions have been demonst rated 
beiweenTtreptococci and heart tissu es. Lesions 
resembling rheumatic fever have been produced 
experimentally in rabbits by repeated infection 


mnctiiL: the organism being transmitted 
>0 man through milk. " () 

Streptococci infections of the resp iratory tract 
■bre more freque nt in children 5-8_ygars of agq*/ 
than in young childrenbelow two years or in adult§/ 
They are commoner in win ter in the tem perate / 
countri es. No s easonal distri bution h as beep 
identified in the tropics. Crowding is an import 
fant factor in the transmission otinlection. Out 
br eaks of infection may occ ur in close d corji - 
mupitiessuch as boarding schools or irmycamps^ 
Immunity is type specific and ap pears To b e 
associat ed with afflTBUdyitniie'M pfoteinTReinX 
t ections occur b ecause of the multiplicity of 

ser otypes - 


La boratory In acute mfecti 

nosis isestabl isKecTbv culture, whi le i 
sup purative complication s, diagnosis i: 
the demonstration of antibodies. 


with Sir. pyogenes and iti mice by injection of Presumptive information may be obtai ned by 
sonic lysates of the cocci. jm examination of Gram stained filmslromTms 

While rheumatic fever may follow infection and CSF. Th e pres ence of Gram positive coc ci in 
with any sero tvpe. of'Srr. pyogenes, nephritis is chains vs ipdicative of streptococcal infection . But 
caused by only a few , n ephntogenic’ type s. In the smears ar e of np'Value in infe ctions of the throat 
tropics, skin infections arc* perhaps Tnor e impo r- o r genitalia , where streptococci may form paitpf 
tartl injhis respect than thr oat infecti ons. The the resident flora -y - 
nephritis is usua lly a . self-limited episode that For cultures, swabs should be collected under 
resolves without an y permanent d amage. The vision from the affected site and either plated 
pathogenesis may~be du"e to antigenic'cros^reac- i mmediately or sent to the laboratory i n Poke’s . pr 
lions between a glomerular antigen and some med ium (blood agar containing 1 in l.flQ Q.OQO 
c omponent of thenephntogenic streptoco cci, or crystal violet^rtdl in 16,000 s odium azide ). The 
more often it may^ be an immune complex disease, specimen is plated on blood agar and incubated at 
This conditionlias been produced in monkeys and 37°C anae robically or u ndec_5=lQ% _CQ 2 , as 
rabbits by repeated infection .with .type 12 Sir. haemolysis develops better under these condi- 


pyogenes or injection of bacterial products, and tions. Sh eep blood agar is _Jecommended for 
in mice, with soluble streptococcal products. primary isolation because it is inhibitory’ for 

Haemophilus haem nlyricii t. colonies of which 
Epidemiology. The major source of Sir. pyogenes may be confused with those of haemolytic strep- 
is the human upper respiratory tract — throat, tococci. H aemolytic streptococci are groupej Tby 
nasopharynxor nose — of patients and carriers, the Lancefield technique. J he flu oresce nt anti- 
Symptomless" infection is common and helps to ‘body technique has been employed for the rapid 
maint ain the ore anisnun the community. Trans- identification of group A streptococci. A conve- 
mission of infection is either by direct contact or nient . method for the identification of Sir. 
through conta minated dust or fomites . An pyogenes is based on Maxted’s observati on that 
important, nonbuman source of infectiauTTs they are more sensitive to bacitracin than other 
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streptococci. A filter paper disc dipped in a solu- 
tion of bacitracin (I unit/ml) is applied on the sur- - 
face of an inoculated blood agar. After incuba- 
tion, wide zoneLof ^inhibition is seen with Sir. 
pyogenes, but not with other streptococci. 

Typing of Str. pyogenes is required only for 
epidemiological purposes. If required, this may 
be done by precipitation or agglutination. A 
phage typing scheme has also been proposed. 


penicillin, -er ythromycin , or..cephalexin may be 
used. Strains resistant to eryuirdTtTycirr Have been 


not recommended. Antimicrobial drugs have no 
effect on established glomerulonephritis and 
rheumatic fever. 

Other haemolytic streptococci 


In rheumatic fever and glomerulonephritis, a ; Besides 57r,-/?yoge«ej,--haemolytic-streptococci 
I retrospective diagnosis of streptococcal infection belonging to groups-B,-.C, K and O. 

. may be established by demonstrating high levels may also cause human infections. 

l of antibody to streptococcal toxms.The usual test Data. from^StreptococcaLReference^Labora- 

(Hione is antistreptolysin O titration. ASO titres tories in India (Lady HardingeJriedlcaLColIege, 
higher than 160 or 200 are indicative of-prior New Delhi; Christian Medical College, Vellore) 
streptococcal infection. High levels are usually show that, while. approximat ely_45 per cen t of 
found in acute rheumatic fever, but in glomeru- haemolytic strepto coccal isolates tested bel ong to 
lonephritis, titres are often low. Antideoxyri- group A, 10-15 percent belong la groups B and 
bonuclease B (ADN-ase/ B) estimation is also C each, about 25 per cent to eroup G and 5 per 
commonly employed Titres higher than 300 oy cent to group F. 

350 are taken as significant. ADN-ase B and 


antihyaluronidase tests are, very useful fo r the. 
retrospective diagnosis of strept ococcal p yoderma, 
for which ASO is of much less value.* 

The streptozyme teyt, a passive slide haemag-f 
glutination test using erythrocytes sensitised with 
a crude preparation of extracellul ar antigen s of 
streptococci, is a convenient, sensitive . and 
specific screeniogTest. It beenmes-pasitive. after 
nearly all types of streptoc occal infecti on, 
whetherof the throat or the skim/ 


Prophylaxis : TheJndicatin n for prophylaxis i n 



have developed early signs of rheuma tic fev er 
This prevents streptococcal reinfection and 
further damage to the heart. Antibiotic prophv - 
laxis is not useful for glomerulonephritis as this 
complication follows a single streptococcal infec- 
tion and reinfections do not occur. 

Treatment: All beta haemolytic grounA ^strep- 
tococci are sensitive to pentcilHjLG, ana most are 
sensitive to erythromycin. In patient s alle reTcTo 


Group B\ These ar e important p athogens of cat- 
tle, producing bovine mastitis (Str. agalactiae). In 
recent years, Group B streptococcus has assumed 
great cl i n icaki mportanccas the single most com- 
mon cause of neonatal meningitis. In fectio n in 
the newborn is classified as the e arly rwsg Ltype. 
occurring within a week of birth, and th e Jay 
onset type disease developing between the 2nd 
and '4th weeks of Jifp. The more co mmon ea rly 
onset.type presents as^epticaemia, meningitis or 

pneumonia and-is-often- fatal,— In7 ection_is 

acquired from the maternal vag ina durin g birth. 
In the late onset ty pe, infec tion is more often 
obtained from the environmeoi. The late onset 
type though not as severe as the early onset ones, 
has a high incidence of residual effects, often of a 
neurological nature. Group B streptoco cci may 
also cause adult infections, includ ing puerp eral 
sepsis. * 

Their ability to h ydrolyse hippurate lets a s a 
presumptive iden tification method. T hevjnav be 
identified by the CAMP reaction f Christie? Atkin s 
a nd Munch-Peters on) .which is the production of 
lysis, when _stanhvlococcal. b et a haem olysin is 
poured on a plate- on which streptococci are 


/ 
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grown. Occasional strains are bacitracin sensi- Dental caries has been attribute d to the activity 

live. Five serological types have been identified. of Sir. mutem s, whi ch breaks down sucrose, pro - 

ducing "a ciF a nd a t ough adhesive dextr an. 1 The 
Group C : Streptococci of this group are predo- acid damages d entine and the "d ejetran s bind 
minantly animal pathogens and may be divided together food de bris , epithelial cells, mucus and 
into four species biochemically. They are fre- bacteria to form denial plaques, which lead to 


quently present in the human throat and may c aries. ^ Experimental , caries in nffffi Eeys" hav e 
cause pharyngitis and other infections. been prevented by Sir. mirnmsvaccine^-* 

Group ff/rfiese grow poorly on blood agar unless Group -D streptococci 
incubated under CO». They have been called the 

‘minute streptflfiocri^jpigy arc sometimes found Streptococci belonging to group D_are classified 
in suppurative lesionv as the faecal streptococci (enterococci) comprise 

ing the species Sir, faecali s . S ir, faeciunt and Sir. , 
Group G: These arc commensals in the throat of tiurans, and the nonfaccal species Si r, boy is an <y 
man, monkey or dogs. They may occasionally S(r. equinus. They may or may not be haemolytic, 
cause tonsillitis, endocarditis and uri nary^ infec - / Entcrbcocci possess some distinctive propers 
tionsinman^ ^ ~ \ ties such as the ability to grow in the presence of 

/ 40 per cent bi le, per cent sodiu m chlo ride, at 
Groups H and K sometimes cause infcctiyeS pH 9.6, at 4$X and in 0.1 per cent meth ylene 
endoc arditis. S' l blue mil k. On MacConkev's medium they p ro- 

) duceTmv, deep pink colonies . T hey are relativ ely 
Group O is isolated mainly from the healthy / heat resistan t, sur yiving 60°C for 30 minut es, 
human throat. It is suspected to cause acute ton- ) Enterococci typically appear as pairs of oval 


endoc arditis. S' 


Group O is isolated mainly from the healthy. / heat resistan t, suryi 
human throat. It is suspected to cause acute ton- ) Enterococci typicalf 
sillitis and endocarditis^ S c occ i, the cocci in a i 


sillitis and endocarditis^ } cocci, the cocci in a pair arrangcri annvTmgt c to 

. ^>eac h other ffTg! 23.4). 

The viridans group (Sir. virrdans) The" identification of the species is mad e on 

biochemical grounds. Sir, faecalis is the 
The group consists of streptococci t hat produc e enterococcus most ofterTiSftfated trom human 
alpha hae molysis on blood _npar. Based on sources . Sir. faecalis can b e identified b y its 
biochemical reactions, they have been classified ~ 


into five species (Sir. salivarius . /nutans, sanguis , 
mitior and miller i). They are constantly present i n 
the human mouth and th roat . They are nor mally 
nonpathogemc . but in persons with predisposing 
factors, such as valvular dise ase of the heart, they 
produce subacute bacterial endocardit is. Topth 
ex t raction in such persons is dangerous, be cause 
of the hacteraemia that follows^ and should be 
done under antibiotic cover. 

D iagnosis of s^parnfe bacterial endocardit is is 
establ ished by repeated blood cultures . These 
stre ptococci ariT generally" susceptible to pe nici- 
lin, t hough some strains may be resistant. A 
determination of antibiotic sensitivity is there- 
fore necessary in p lanning proper 
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ability to ferment mannitol , sucrose. sorbitoLa ad 

ducmg black colonic s. ' * ^ 

Enterococci are present in'the intestine, _E£ni- 
tal tract and fraliva . They are frequently isolated 
fr om cases of urinary tract infection ancLwountl 
infection . Th ey may also cau^e suhacuiejjncteria l ' 
endocarditi s , inf ection of the biliary traot/ Tcp- 
t icaemia, peritonitis and intranhdominal.nhsc ess 
complicating { [ivcrticulit isan d peritoni tis/. jStraiq s 
resistant to p cnitiUhT and other antibiotics occur 
frequently so that it is essential to perfor m 
antibiotic sensitivity for proper therap y, 
'Nonfaecat species of group D {Sir. bovis , Sir. 


equtnus) arc generally s usceptible, to peni cillin 
and are inhibited by 6.5 per cent ^pdiumjrhloride 
or bile. They. may cause urina ry infectio n or 
endocarditis rarely. 


.Strept ococc us^MG 


I 


This is an °c streptococcu s beJonginc to group F. 
It may be present in the sputum of qprmjf indi- 
viduals and has been isolated from the Inngs and 
throat washings of cases of primary atypical 
pneumonia. Patients with primary atypical 
pneumonia frequently have in their sera aggluti- 
nins to streptococcus 'v' 
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Tift 24 2 Pccumococci Utducucik.?rcpiMUfln 
to show capsules 


On further incub, ition. tlic colonics become *fT« U. 
with raised edges and c cnlrnln mhTmmToh , so ih a V 
c oncentric rings afe seen when vfcvvcit- fmni 
abovejcira'iichtsinan ^pcafance ). Some strains 
that produ ce abundant capsular material (t>pe 3 ) 
form lac»a. - mnetmi — colonics . (Diplocaa ty 
mucosm)' '* 


Biochemical read loin : Pneumococci fermehl 
several sugars. forming acitLimly. Fe rment ation , 
is tested in Hiss's s erum water or serum a gar { 
slopes. Formulation of inulm hy pneumococci^ 
a useful testier differentiating them from strep- 
tococci as the laircr do not ferment it. 

Pneumococci arc hilcsolubtpr'lfa few drops of 
10% sodium dcoxycholate solution are added to 
1.0 ml of an overnight broth culture, the culture 
clears due to the lysis of the cocci. Alternatively, 
.if a loopful of I 07 o dcoxycholate gpltition is 
placed on a pneumococcus colony on blood agar 
the colony lyses within a few minutes. Bile^olu- 
bility is a constant p ropertyjilDnaumococct and 
hence is of di agnostic importan ce JtTlie bile solu- 
bility test is based on the presence _ia the 
pneumococci of an autolvticamidase that qjgiacs 
"the b ond between alamne and mnramic acid in 
the peptidoglycon The amnlase is activated by 
surface active agents such as hire, or bile salts, 
resulting in lysis of the organisms The test should 
be carried out at neutral plj u sing dcoxycliplate 
and live young cells in saline suspension. 

<■ Pneumococci ar c catalase and oxidase negative . 


a gar are surrounded bs a 7, i. vn^ptI}cULhacmQL ysis 
d uelolixvgcn labile' pnetiinplvs.m_<i>] ln hquid 
media such asglucosc broth. growth occyrs as 
umtonn turhT dily The cocci rea dily unde rgo 
autolvsis m cultures, due to the activity of 
mtracciiuTar enzymes. Autolysis is enhanced by 
bile sa lts, sodium lauryl s ulphatcaind other s ur- 
face activ e anej ns Heat killed cultur es do no t 
undergo autolysis. 


/taumnee Pneumococci arc delicate tsjganisms 
and are readily destroyed by heat (thermaj,death 
point 52°Cfor 15 minu tes) and antisep tics. In cul- 
tures. they die on pr olonged incubati on, perhaps 
due to an acc umulation oL -toxiC-Ocroxides. 
Strains may be maintained on semisohjj blood 
agar or by l£Ophjili£tion. 

They arc sensitive to sulphcmamides and sev- 
eral antibiotics. Resistance may occur to sui- 



ng 24 3 Draughtsman appearance of pneumococcus colonies Left— view from above 
lo show concentric rings Righi — snic view in cross section 
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phtmamUlcs, less often to tetracycli nes and ver y 
rarely to penicillin.. Till 1967 ptmosL all stra ins 
were sensitive lo less than 0.05 ft g/ml of penicil- 
lin. Subsequently increasingly resistant strains 
began appearing in Australia followed J>y_other 
parts of the World. In I 977 t South African strains 
resistant to 2-10 ji g/ml appeared. Resistance to 
tetracyclines and -a fc\v_other amiblojics^werc 
noticed earlier, Multipl e res istant strains have 
also been reported. - ^ 

The scnsitiviiy..of pneumococci t o-'optochin 
fnl hv| Iiulrocuprem l 1/500^00(1 is useful m (ti f- 
ferenuating them from streptococci. When a disc 
impregnated with optochin is applied on a plate 
of blood agar inoculated with pneumococci, a 
wide zone of inhibition appe^rson incubation. • . 


; • The antigenicity of the capsular<poly saccharide -' 
v anes in^iflcrent species. It isantigenic in map *- 
7 m d rabbi is. But in mice, jarge doses (500 ug ) 


induce no imm unolo gical resp onse (immunologi- 
~ ,- ' TT ' ^ ' jT^e 


Amigentc wont-nic-s -, The most important apti- 
“50 h ol TRc pneumococcus is thcTypc specific cap- 
sular pol>saccbanjJc. As this poly saccharide dif - 


cal oaralvsisl. while smaircroCcs "10.5 ocfl^ e 
antigenic,. 

Pneumococci contain other antigens also — a 
n uclcoprotcin dceninsiric the cell and a sotnat ir 
carbo hydrate anti gen, both of whichare 
species specihcT- an iT an M protein w h i ch i s 
characteristic for each ty pe, Antibodies Jo these 
antigens are not protective. Anot her major 
antigenic component of pn eumococcus ts th e 
Fnrssman nruipgn_w hic h is apipoteichoicacrd!^ 
t/An abnormal protein*! beta Abbulin) t hat pre- 
cipitates with the somatic 'C antigen of 
pneu mococci, app ears in the acute phase sera of 
cases of pneum onia bu t dis appears during co n- 
valescen ce. It also occurs in so me other pathologi- 
cal conditio ns, This is known as the ‘C-reactive. 


fuses' into thcjr uTtnre mcdnlm ^of-infcclivoj^tu- ^ protein’ (CRP) . Its apparent antibody-like' rel a- 
dates and lissues, >1 is also called thgjspccifieso l^ tion to the 1C anti g en of pneumococcus is o ijly 
uh te substancfcV '(SSS). Pneumococci arc clas- fortuitous. It is not an antibody produced as a 


"sified into types based on the antigenic oallil£Pf ^ result oTpne umococ cal infection . It is an ‘acute 


the capsular poly sacchari de. Pneumococci iso- ^ pime'su hs t.-i nee . produced In^henatocy^cs Its 

lion i s stimu lated byj>acterial infectio ns? — 


latcd from l obar pneumonia were originally das- production 

sified i nlo three typcs Tl. lTand III, and a hetcro- i nflammation , malignancie s and tissue desti ne 
ecn cous group IV. T ricmhers of group IV were tion. It disappears wh en tly. inflammatory re ar, 
later classified into H pes and now more than S5 t fif-- ti ons subsid e. C RP is used as an index of respon e 
ferent serotypes life recognised, named 1, 2,3,ctc. to tr eatment in rheumatic lever and certain other 

of the cocci with the type specific antiserum, 2 ) t ion of thej atjgpts' se ra with an tisera preparetTiiT 
preripitalinn’nf i he SSS with the specific serum o r. ra bbits - ' a gainst ^purified -CRIV-or ^passive 
3) by the capsule swelling rcaihTonik sciihed by agglutination using latex particl es. coated wi th 


N eufeld_-£ 1902)TTnthe capsule-S welIing_or ’qu el- anti-CRP antibody , 
lung’ reaction (Quellung =^fiwdjmg), a suspen- 
sion of pneumococci is nftrccTo njtjdi de-willi a 
d rop of the tvne specific ontjscnifrn and a loopful 
of m ethvlcne blue solutio n. In presence .oLlhc 
homologous antiserum, the capsule becomes 


Variation: On repeated subculture, pneumococci 
undergo a smooth-to-roug h (S-R) v ariation. In 
the R form, the colonies are rough and the cocci 
are noncapsulated, autoagglutinable and aviru- 


apparen tlv, swollen sharply delineate<A__amL lent. R forms arise as spontaneous mutants and 
re fractile . The queUung testcan be d one directl y outgrow the parental S forms in artificial culture; 
with s nutufTTfrom" acuhr pneumonia cases,-and in tissues, such R mutants are ‘eliminated by 
used to be a routine bedside procedure in former phagocytosis. , ’ •'* ' 

days when the specific antiserum was used for the Rough pneumococci derived from capsulated ( 

' ’ ■ cells of one serotype may bet made to produce 
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capsules of the same or different serotypes, on 
treatment with DNA from the respective 
serotypes of pneumococci. This transformation, 
which may be demonstrated in vivo or in vitro, 
was discovered by Griffith (1928) and is of con- 
siderable historical interest as the first instance of 
genetic exchange of information in bacteria. 


Toxins and other virulence factors: Pneumoeocci 
produce an oxygen labile haemolysh/ and a 
leucocisjip, but these are weak and make no 
contribution to virulence. The virulence of 
pneumococci is directly dependent on the pro- 
' ductioq of the ca psular p o ty^rchafitfe This <nh. 
stance, becaufcrot its ~aodic and hydrophilic p ro- 
perties, protects the cocci from phagocytosis. Cap- 
sulated pneumococci are not phagocytosed effi- 
ciently in fluid media or exudates. They are, how- 
ever, susceptible to ‘surface phagocytosis’, being 
engulfed against a firm surface , such as fibrin clot 
or epithelium. 

The enhanced virulence of type 3 pneumpcoc- 
cus is due to the abundance of its capsular mate- 
rial. Noncapsulated strains are avirulent/Thc 
antibody to the capsular polysaccharide affords 
protection against infection. 


^/Pathogenicity: Experimentally, fatal infection 
can^be produced i n mice or rabbits by intra - 

occurs in one to three days and pneumococci can 
be demonstrated in large numbers in the perito- 
neal exudate and heart blood. 

In man, ove^RO per cent of lobar pneumon ia 
a nd 6b per cem o f bronchopneumonia are caused. 
Jay pneu moco cci They al so produce suppurativ e 
inf ections in various other parts of the body. ‘ 

1. Lo bar-pneum onia does not always follow 
infection with a virulent pneumococcus. Air- 
borne infection of the respiratory tract with 
pneumococcus is a frequent occurrenc e. The 
coca are usually eliminated by th e natural 
defence mechamsmsTorThe v'establish s vmptom- 
less carriage in the jhfoat. Pn eumonia res ults 
only when, in such a c arrier, the eeneral resi s-. 
tance is Jowqrpd. The p neumococci p enetrate the 


bronchial, mucosa and spread throu gh the lun g 
along the peribronchial tissues and lymphatic s. 
Ba cteraemu iTfrequent during the early stap eof 
lobar pneumoni a and bears a re lation to the sev- 
enty and outcome of the diseaS£-The toxaemi a is 
due to the diffusion of the capsular polys ac- 
c haride into the blood and tissue s. The fall of 
temperature b y ’crisis' and lhe relief of toxic 
s ymptoms coincide with the comp leterieutrafisa- 
t ion of SSS by the a nticapsular antibod vT “ 

'"'In a duhs . Tvnes 1^-8 a re responsiblefor about 
75 per cent of cases of pneumococcal pneumonia 
and for more than 50 per cent of attTatalities to 
pneumococcal bacteraemia. In-childre n, types 
6,14,19 and 23 a re frequent causes. 

2. Bronchopneumonia is almost always a secon- 
dary infection and commonly f qllowVviral inf ec- 
tions of the-respiratorv-trac t. .Pneumococcus is 
thVmost common aetiologicaiflgent. This may be 
caused by anv serotyp e of pneumococcus. The 

, damage to respiratory epithelium and excessive 
ETOTcIlini SgCfihTi5ffll ftl'ilscd byjTnT priroaryinfec; 
tion facilitate the invasion of pneumflcoc cL'llong 
i Ke "bronchial tre e. Otherl causntivg-ageriis 

’ include Staph, aurptd, Klebfeilla pneumoniae, 
Str. pyogenes influenzae , Ps^derugmo sa, 
Proteus species, Serralia n\arcescen3, anaerobic 
organisms such as Peptostreptococcus, Peptococ- 
cus, Fusobacterium and Bacterpides. Broncho- 
pneumonia is frequently a te rminal event in aged 
and debilitated patients. . ... .. 

3. Pneumococa .are commonly associated with 

the a cute exacerbations in chronic bronchitis . 
The copious respiratory secretions in chio nic 
bronchitis aid pneumococcal invasi on. Another 
bacterium comm only associated with this condi- 
tion is Hae mophilus influ enzae. i 

4. Meningitis is the most serious of pnenmococ - 
c at infection s. It i s usually secondarv_to_.pth er 
ppeumococcaUnfections-s uch-as .pneumonia, 
ptitis media, sinusitis or coni uorimlis. but in a 
proportion of casess, other foci of infection may 
not be demonstrable. The disease is co mmo ner in 
children- Unlr eatedcases .yfc almostlm ariably 
fatal. Evenwitti anti biotic therapy, th e case f atal- 
ity rate is about 25 per cent." "C ... 
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5. Pneumococci may also produce sugggg g* ye bronchopneumonia increases when an epidemic 
lesions in othe r parts of theJxid v — empyema , of influenza or other -viral i nfection s of the 
pcricarditisT otitis^media T sinusitis, c on junctiviti s, respiratory tract occurs. CasfiiaiejTiore common 
s uppurative arthritic and peritonitis, usually as i n winter a nd affect. the two extreme age groups 
complications of pneumoni a. moreo ften. 

£pxdatmlogy: Natural infection with pneumo- * ^abora tn r y dinonnsi^- The clinical diagnosis.of 
cocci has been reported in some species of ani- pneumonia is eas y, but as the disease may be 
malssuch as guinea pigs, but they have lijyle rcla- caused by several different microorganisms, 
tion to human disease. Th e sour ce of Jiujpan aetiologica) diagnosis should b e made by labor a- 
infecti pn is'the r espiratory tract of carriers, and tor y tests . This is of great importance in treatment, 
less often, of paueritsrPneumocbcci’occur ir^the **~ln the acute phase of lobar pneumonia . th&/ 
throat of approximately half the population sam- rusty sp utum contains pneumococci in large num- 
pled at any one time. They are tr ansmitted from bers, wi th hardly an y other kind of bacter ium^/ 
o ne to another by an inhalation ofcpntami noted They may be demonstrated b y Gram s|ain* and 
dustTtlfoplets o ir droplet nucTeT .'b issemjnat ioh is typed by t he quellung test in w et films — a proce- 
facilitated bycrowding. dure that wa r routine = wfien antisera wer e 

Infection usually leads only to temporary employed fpr treatment. I n later stages of the dis- 
pharyngeal carriage. Disease res ults onlv~wheq case, pneumococci are l ess abundant^ 
the host resistance is lowered contributory fac- The sputum, after homogenisation if neces- 
tors such as respiratory jnral infections, pulmo- sary, is inoculated on blootfagar prates afitTmcu- 
nary congestio n, stress, malnutrition o r alooho^ bated at 37°C under 5-10 per ce nt CO^ Growth , s 
fot m ~ T ~' ; ^ffifeurs after overnight incubation . Where sputum is 

Pneumococcal serotypes vary greatly in viru- not available, as m infanTCsbrum-coated la~rvngea l 
fence. The case fatality rates of pneumonia may >wabs may be used foccultur e/ 
vary according to the virulence of the infecting The isolate o t pneumococcus m a y be type d 
serotype . T ype 3 is the m pst vfflfent ^yrith a case with appropriate antis era. Besides yieldin g 
fatality of 40- ^60 per cent(Ty *' X ' epi demiological information. typing is also of 

Lobar pneumonia is usually a sporadic d isease^. p rognostic significan ce. But routine typin g is not 
but epidemics may occur among closed com- necessary, nor is it possible as taping s era a re not 
munities as in army camps. The incidence of available. 


TABLE 24.1 

Differentiation between Pneumococcus and Str. viridans 



Pneumococcus 

Sir. viridans 

1 'Morphology 


Noncapsulated, oval or round cells in chains 

Quellung test 

Positive 

Negative 

3 “Colonies 

Initially dome shaped later. 

Dome shaped 

Growth in liquid media 

‘drauehtsman’ colonics 


Uniform turbiditv 

Granular turbidity, powdery deposit 

S’ - Bite solubility 

InvariaOfy positive 

Invariably negative 

Inulin fermentation 

Positive 

Negative 

C? Opiochin sensitivity 
^ Iniraptritoneal 

Positive 

Negative 

inoculation in mice 

Fatal infection 

Nonpathogenic 
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From specimens where pne umococc i, are 
expected to be scanty, isolation may be 
obtained by intraperitoneal ino culation in mice, 
even if culturesare negative, i noculated mice d ie 
in one toT hrec days and pn e umococci may be 
demonstrated in the pe ritoneal exudate a n d heart 
blood . The test may be negative with occasiona l 
strains that are avirulent for mice- (ty pe 14 _ 
strains). 

In the acute stage of pneumonia, the organism 
rtTay’ be'o'btained from blood culture in glucose 
broth. Isolation of pneu mococci from blood incJ i^ 
^cates b ad proghq sfsl---''* 

^ In case o f meningiti s, presumptive diagnosis 
may be .made from Gram stained films of CSF. 
Gram positive diplococci ca n be seen both i nside. 


polymorph s .^SAV ell as extracellularlv. D i agn osis 
. confirmed by culture. In cases negative by cul- 


conf irmed by c u lture. In cases negative by cul- 
tur e, it m a y be possi b le to establish t he diagnosis 
by demonstrating th e fiSS i n CSFti y precipit ation 
wit hant ise Ta! ^ 

CapsulaT polysaccharide can be demonstrated 
in blood, urine and cerebrospinal fluid by" 


counterimmunoelectrophoresis. Antibodies'can be 
demonstrated by agglutination, quantitative pre- 
cipitation, mouse protection tests and bacterici- 
dal tests with whole blood. Indirect haemaggluti- 
nation, indirect FA test and radioimmunoassay 
have been employed. 

Prophylaxis: Immunity ■ is type specific and 
associated with antibody to the capsular polysac- 
charide. The existence of more than 85 serotypes 
would seem to make prophylactic immunisation 
impracticable. But, as most pneumonia cases are 
caused by a limited number of serotypes, vaccina- 
tion is possible. Trials during World War II have 
shown that vaccination with capsular polysac- 
charide from the pr evale nt serot ypes w oufd^on- 
fer a high degree of protection. In 1983 a p^ojysac- 
charide vaccine containing 23 types was licensed 
in the U.S.A. Such va ccines are use d specialism 
children who are above~two yea rs of agg_ and may 
be used in elderly, debilitated or imi^unbsup- 
piessed individuals. It is cpnualndicated in 
pat ients with lymphomas . 


Further Reading 

Austrian, R. 1975. Random gleanings from a life with the pneumococcus. J. Infect. Da 131:474 
QuieP G.ttal cds 1981 . Symposium on the Pneumococcus. Reviews of Infectious Diseases. 3 163. 



Neisseria 


The family Neisseriacea includes Neisseria 
species’ and Branhamella catarrhal is as well as 
Acinetobactcr and Kingella and Moraxella ^ 
species. . 1 

The genus Neisseria consists of G ram negatived 
aerobic, nonspo rulating, non motile, oxidas e 
positive cocci ty pically arranged in pairs (dip - 
lococci). Besides the two important p athogen s, 
N. meningitidis and N. gonorrhoeae, the genus 
contains about 30 other species that occur as com- 
mensals in the mouth or upper respir atory trac t. 

Gonococci and meningo cocci are closel y 
related with 7 0 percent DNA Ji omology, and are 
differentiated by a few laborato ry tests a nd 
specific characteristics. Me ningococci have 


polysaccharide cap; 

Meningococci rarely have plasmids while most 


gonococci do_, 



Fig 25.1 Meningococcus in cerebrospinal fluid Inset — 
enlarged view to show flat adjacent sides of the cocct 


Neisseria meningitidis (Meningococcus; Dip * 
lococcus intraceUutaris^neningitidis) 

N. meningitidis causes meningo coccal mening itis 
or cerebrospinal fever which may occ ur sporad i- 
caJJy or as epidemics. The meningococcus was 
first described and isolated in 1887 bv Weichse l- 
baum fro m the spinal fluid of a patie nt. 

££%lorphology: They are Gram negative, ova l or 
spherical cocci, U. 6-0.8 p-^n size, typically 
arrranged inTpajj Sjwith the adjacent sides Jlat- 
tened (Fig. 25XhTh e long axis of the coccus is at 
right angles to a line joining the two cocci i n a 
pair. Considerable va riatiortsoccurin size, sha pe 
and staining properties, especially in older cul- 


tures, due to autolysi s. In smears from lesions , 
the cocci are more regula? and generally mtracel- 
lular. They are nonmoti le. M ost fresh isolates are 
emulated. 

v__ — *"'* _ 

Cultural characteristics: Meningococci have 
exacting growth requirements and do not grow 
on ordinary media . Growth_occurs_nn_jnedia 
e nriched with blood , serum or ascitic flui d. These 
substanc es are believed to proinote^gFOwth'Tiv 
neutralising eertairi’ifiTiibiting substances fo und 
in culture media ratlu^Tbanb ^prflvidlng add i- 
t ional nutritional need s. 

~Thev^are s trigt/aerobfeTno gro wth occurring 


an aerobic ally. The, optimum temperature 
"g rowth if 35°C-^6°C.~ No growth t akes pla ce 
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below 3ffC . Optimum pH i s 7.4-7^, Growth is 
Iddlitatcd by 5—10 per cent COz and hi eh hum i* 

_3ity . ^ 

On s olid med ia, a fter incubation ferr 24 hou rs, 
th e colonics arc sm all (about I mm in diameter). 
translucen t, round, c onvex , b luish grey , within 
s mooth clistcnimy iiu-facc and with entire ed ges. 
T he colonies arc ‘to pically Icnticulaf in s hape. 
hutyrous m consistency an d easily cmulsifiabl e. 
Weak haemolysis occurs on blood agar. Smooth 


C, D, X. Y. Z, W-135. 29E. II, I, K. and L - 
have been identified on the basis of immunologi- 
cal specificity of the capsular polysaccharides. 
Outbreaks and sporadic disease in the Western 
hemisphere in the last decade have been caused 
mainly by groups B, C, W-135, Y; outbreaks in 
Southern Finland and Sao Paulo, Brazil, were due 
to groups A and C . and, e specially, group A arc 
as^ratxdwjthepjdcniicTliSCasc, 

. On the basis of molecular weight, the outer 

aruf roug h typo ol colonies arc f ound. Growth is membrane proteins of meningococci have been 
poor in l iquid medta. ptodudoft-ii^raiujlaiuur- ‘ divided into five classes. All strains hav^rthcr 
biditywithVnlc «? r no s urface-growth . class 2 orcbss3 protcins.These are analogous to the 

Blood ag ar, chocolate agar and Muellcr^Hm-* protein I of gonococci and are responsible for the 
ton starch' -casern h ydrol>sntc-acar are the media serotype specificity of mcningococt^As many as 
commonly use d* for culturing~~n icninpococri. 20 serotypes have been defined. SerOlypcj_2and 
Modified Thaver-Martin (wi th Vanenmvein. Col- / j5 hayc_becn associated with epidemic disease. 
ivtin amiNysta tirt). Ma rtin I-cwi s and N ew York ' ' Meningococci are piliated bu^unlike gopococci, 
C ity medi a ore othe r media use d. - th<-y do ppi form dktim-fivg miony typp< indicat- 

i ng piliated bacteri a! Meningococcal LPS is 
responsible for many of the toxic effects in 
meningococcal disease. 

Isolation and identification of specific polysac- 
charide antigens have enabled the production of 
vaccines Vaccines that contain groups A and C 
polysaccharides arc licensed for USA aijdtsevcrnl 
other countries. They have been found efficient 
against infections in older children and adults due 
to these serogroups. The g roup* A^ -agdne is 
effective in controlling outbreaks 'children 
bcjbruI th'fTrTirst year? There is some evidence 
th.ir thcy~artrprotcctivc yvlien administered as 
early as three months. Tbc gr oup C_ya crines 
'ihilCLCffcctiycJnchUdren ov cr t" o year* rjf age is 
poorty uw«wicusg<ituc and appatendy not, ptotec* 
iivcT n~yoiihg crcln?Jrcn i But .lbouf^O percent of 
groupCTcascs arc inchildrcn less tljjKi two years 
of age. Serogroups Y and W-135 vaccines have 
been found to .induce significant bactericidal 
response and arc In use in selected groups in 
situations such as military and civilian epidemics. 
Scroproup B which causes significant disease has 
no satisfactory vaccine. . ^ ' 

Besides capsular antigens, meningococci pos- 
sess carbohydrate and protein sopiatlc antigens 
These have not been fully characterised 


fhochenucal react in m ' Hicy ore catalase a nd 
oxidase positive. Tlie prompt oxidase reaction 
H^tpsthc iJcfuification ofncisscna (both menjp - 
gocc xcus and gonococcus) in mixed cultures . 
\yTienTrcshlv prcnnrrd l^'.'solutioa^sf'-ovklasc 
reagent (tctram clh yl paraphcnvlenc diamine, 
ttyauKliUnide ) is poure d on th e c ulture nla teT 
ncmcrij ebonies turn dccrTp5fp| c. Subcultur es 
sh ould be made immediat ely, a s the organism dt> « 
o n^pr olopged exposure to the reag ent, The test 
mli) also be perform ed fry rubbing a little of th e 
growth with a loop on a strip of filter paper mois - 
t ened with the oxidase reagent (Kovacs* 
method). A 
i mmediately 

I ndole and hydrogen sulphide ar c not pro- 
, du cTd'riml nitrates are not re duced. Gjnegteand 
ma ltose arc fermen ted. priHluciog-acid. buL-iio 
jr.is~( conocoeci ferment glucose, but not null- 
lose) Fermentation Is usually tested on peptsme- 
scrum-agar slopes containing the sugar and indi- 
cator 

Antigenic properties and classification 
At least 13 serogroups of meningococci — A.B.. 
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Resistance: Meningococci are ve ry delica te 
organisms, being highly susceptible to hea t, 
desiccation, alterations in pH and to disinfec- 
tants. They are susceptible to sulphon amide s, 
peniciUin r 6trcpto_m\'cin_and many other antib io- 
tics. But strains resistant to sulphonamides are 
now common. PenicUlui_iesistant_strains Jjrst 


favoured by _complement deficiency (C5, Q, C7 

The pathogenic agent in menin gococcal c iis- 
ease^appears t o 1 b e the endotcfiffif, released bv " 
autolyfis .The yascular endothelium is particu Hr- 
lyse nsit iyeLlaihexndotoxm and th e haemoir hn- 
gic ynanifestationsmav be due to a Shwamm^ n - 


noticed in the Philippines and West Africa in|tTj ikel>henomengn . In fulminating meningococcal 
1976 have now been reported from se veral c oun-^ - septicaemiaU ^i'aterhouse-Friderichsen svndrom pV 

^ ^ shoc k. 

Patjwgenis ity: Cerebrospinal meningiti s and Natural infection is limited to man. In traspift al / 
menin gococcal sdptTcaemnuire the tuo_typ es of inoculation of large numbers of cocci may pro- 
jnemagoaicr^Uhscase. Meningoc occi are^jr^c t duce a picture of meningitis in m onk-el's. Intra-s X 
human naras>fe s r gai ning entrv-into the bodyy ia j peritoneal inoculation of the cocci suspended] ^ 


the nasopharynx . I nfection rs usuallg-asvmnio- 

matic . In some, l ocal inflammation ensues , vyjfh 

rhinitis _ and phar yngit is. Dissemination occurs 

only in a small proportion. 

The manner in which the cocci spread from the 
nasopharynx to the meninges is controversial 


Epide miolog y: The human na sopharynx is th e 
onl y reservoir of the meningococcus . Asympto- 

___ marie nasopharyngeal carriers rarely contract the 

The spread may be directl^alo ng the' perineural y illness; they serve to infect their contacts. Trans* 
sheath of the olfactoryneng? through the cnbr i- mission is essentially by airborne droplets^ori^s 


f orm plaieTo' tbtrsiibafachnoid space, or m uch 
more prdbably, through thC-^oodstifiam-TT is 
also believed that in certain cases, the site of 
entry of the meningococcus may be the conjup c- 
jivn. Ca ses of meningococcal purulent conjunc- 
tivitis have been reported. On reaching the cen- 
t.£a) nep'ouc suppurative lesion 


often bv fomites. D u ring interepidemic period s. 

the carrier rate is about 5-10 per cent / 1 An 
increase in earner rate hera ldrthe onset of an 
epidemig/ D uring epide mics, carrier ra les-in 
clo sed communities m av.r.Q-u p-lQ-91Lper-Ce nt . V* 




meninges is^set up, involving the su rface ot the 
5pinarcor^'as w ell as th&-base^and concx ot th e 


occur in se miclosed communities that live c roud- 
ed together, as in jails and ships formerly, and in 
army camps in recent times. Group B strains ha ve 
ar-mnnird fp r m™* ^«^-rnii ncningitis-4n the 
U.K. in recent veais^El scwhere. groups A -arnl C 
have beerunam lv activ e. Epidemic menin gitis 
caused by group A meningococcus affected Delhi 


brain. T he coed are in va n ablyiou n d~in the spina I 
fluid^bolh.free^and within the leucocyte s. Case 
f atahtyis variab le, but in untreated c ases maffie 
as high as 80 pVr cen t.~Sufvtvors may hav e 
sequelae i s uc h as,tflintjpcss and deafne ss^ Some 
cases develop chronic or recurrent menin gitis. 

Meningococcacmia prese nts- as acute fever __ ^ 

with. chil ls _malaise and prostration . Haemot ^ W^abomrory diagnosis: As purulent men fltgitk/ 
rhacic manifestations a r cjcharactcnst ic. A-typical may be produced _bv other bacteria Jilso (com* 
p^g chjaT rash involvmg'sttn'and mucosa occu rs tnonl y pneumo cocyds and Hacntopljipft jnfluctj. 
c atlv-in-th g-d l^^fr - Meninpomcct mav he iso- zae; less com monly scvepKother bapteria), it is 
la ted from the pctec^tt^lesTon s. Metastat ic necessary to establish the spccifte'aettology for 
mvofsement dniie joints, carsreves. lungs and ensuring proper trcaftTic m. In cerebrospina l 
adrenals mav occur.' Ncissena 'oacteroemTa is meningitis^ men»mw>cei arc, present, in larfcc 


and surrounding area^ in early 1985. 
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numbers in the spinal rttTid . and in the eailv stage . 
Tn the blood als o. Demonstration of meningo- 
cocci m the nasopharynx helps in detection of 
carriers. < l 1 

' — T T Examination of CSF: The fluid wi ll be under 
p ressure and turbldT w ith large number s of pu s 
cells. For bacteriological examination, if suffi- 
cient quantity is available, theCSFis divided into 
three portions r One portion is centrifuge d and 
Gmrn_iUiined_smears are prepared from the 
deposit. Meningococci will be seen, mainly inside 
v ^p olymorphs, but often extracellularly/fsb . W hen 
present in smalt numbers, meningococci may be 
..•detected by imnuiooIluaresdCfiLleduiique^. The 
'-"'supernatant will contain meningococcal nntieen. 

^ which may be demonstrated by a precipitation 
ju qtg st wi tli polyvalen t or monovalent antimeningo*- 
‘"*c occal se rum CounterimmunbefectropKoresi? 
provides a Tapid and sensitive method for demon- 
stration of meningococcal antigen. Th e secon d 
p ortion of the CSFjs inoculated o n bloodacaty hr 
c hocolate agttr pla tes and incubated .at 3,VC to 
36 °C un de r 5-1 0 per fren t CO ? .Colon les appear 
after 18-24 hou rs and may be identified by mor : 

p hology and biochemicarfeac iTdilsT ItTsjmpor- 

tant to remember that morpholbgically sirrtilar 

oT£amsmL^di_azM^flav£scen$ J / l J{. Jfoy J»nd 

Afmia polymorpha may also cause purulent 

meningilis occasionally. The meningococcus iso- 

la ted maybe g roupedliLreauired, by^ gglutin aj _ 
tion-ivith4be-appropriate„scra/The third portion 

of CSF is incubated overniglit, either as such or 

• a fter adding an equal volume of glucose broth 
And then suhcultured on chocolate agar . This 

method may sometimes succeed' w here direct 
.pJiMlQ&Ifails. Isolation may also be obtained h>‘ 

> inoculation into the yolk sac of eight t o ten day 
old embryonated eggs. 

A presumptive diagnosis can usually be made 
.by microscopic examination of stained smears of 
CSF. 'Meningococci may be scanty or uhdctec- 
table in late or treated cases'. 

2. plood culture : In meningococcaemia and in 
early casts oF meningitis, blood culture is otten 
positive . Cultures should be incubated for 4-7/ 
da\ s~\v uh darts subcultures Meningococcal - 


antigen can be found in the bloodin active dis - 
easc. u ' ' ' ' t 

lion ot camcrs .’sTm pi i should bedone without 
contamination with Saliva. Ti n's is achieved b y 
the use of the West’s postnasal swajy i lie swab 
should be held in a suitable transport medium 
< (c.g .,,Stuart’s) till it is pl ated, 1 T 

41 Petechial Tcsion s: Meningococci mayAnme- 
times be dem onstrated in pctechyy lesions by 
microscopy and ailtti?c ..> ~ * “ 

5 . Attlopsy^ At autopsy, specimens may be col-, 

lect ed from the m eninges. lateral ventricles or 
s ufface of the bram and spinal cord for smear a nd . 
.culture. Meningococci may die if specimens arc, 
not collected wit hin twelveJimir s^f the death of 
the patient. ' _ / 

6. Retrospective evid ence: Retrospective evi- 
dence of meningococcal infection may be obtain- 
ed By demons trating complement fixing anti - 
bodies in convalescent se ra. Pa ssive haema ggluti- 

:igen binding testsjre 


nation and radioactive an tigel 
mucTT more sen sit ive techni qu cs-for detectio n of 
antibodies. 


‘Suiphonamides formed the mainstay in.treat- 

menl formerly, but now resistance to them has 

become common. Meningococci are uniformly 

sensitive to penicillin, with MIC .of about 

0. 3 mcg/m l. Penicilli n G m high dose s^aivcn intra- 
venously orintrathecally if necessary, is the treat- 
ment^ of choice. Prompt treatment has reduced 
t he case fatality to about five Co ten per cent . 
C h I oiamph cn i co LiS-USetU n_ pc rso n s allergic' to 
penicillins. _ _ __ _ 

Prophylaxis ? 

'$ulphonamides_Vvere used widely _anfl success- 
fully for chemoprophylaxis formerly’, but the 
emergence of resistant strains has cu rta iled their 
efficacy. Penicillin is unable to eradicate the car- 
rier state. Rifampin or minoc ycl insure rc com- 
mended for chemoprophylaxis a | present The 
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limitations arc development of resistancei axifam- 
pin and undesirable side effects 
Use of meninsogflccal-^accines for nrbphvlaxis 
has been dealt with under ‘a ntigenic propertie s*. 


onies. Tfrgcocci are piliated, auto-aggluttna blej. 
a nd virule nt. Types 3 and4^ormlarp^ -. gc anukm , 
nonpigmented colonies . The cocci are— ncuu 
piliated, form smooth suspensions and are aviru- 


Neisseria gonorrboeae (Gcmncmxus) 


N. gonorrhoeae causes the venereal disease gonor- 
rhoea. Tire gonococcus was first describe’d in 
gonorrhoeal pus by Ncisser in 1879. Bumm in 
1885 cultured the coccus and proved its patho- 
genicity by inoculating human volunteers. Gono- 
cocci .resemble meningococci very closely in 
many properties. 

^' Morpholovy : In smears from ur ethral disch arge 
in acute gono rrhoea, the organism appears as a 
dinl ococcus with the adjacent sides conc ave , 
being typically r eniform or pear shaped. It is 
7 ound predominantly within the polymorphs, 
some cells containing as many as a hundred cocci. 

G onococci possess p ili on their surface. PHj 
fac ilitate Adhesion oi t he cOccrttrmucosal sur- 
face s and promote viralcfeeb ymhibiting phago- 
cytosis’. Piliated gonococci agglutin ate humdn red. 
hiooiUeJts buyiot red cells from other mamm als. 

1 The haemagglutination is not inhibited by man- 


lent. Fre s h. isolates from acute cas es o f gonor- 
rhoea generally JpTm Vri _ ffid T2 j-nlonie s. On 
serial subculture they change to T3 o r T4 colonial 
morphology.' T1 and T2 types are also k nown as 
P+ and P +jw espectivelv , while J3 nricTfrllire 


known" ajP: 


Biochemical reactions: Trsrmhl^ 


Jose. Gonococci ferment only glucose and not, 
maltose. ^ 


Antigenic properties 


:s: Gonococci are piore dif- 
ficult to grow than meningococci. They are aero- 
bic, but may R ravv^anaerobicaHy also. Growth, 


Gonococci arc antigcnically heterogenous They 
"are capa ble ol changing iheirsurface structures tn 
vi\m .. They probably do so in w>o~as~ w elf7 to 
avoid host defences. The surface structures 
include the following: " 

1 Pili: They are s everal micrometers m len gth 
a n d 'arc~hair-lik g<- They enhancejutachmentjo 
hosT cells. andTresist an ce to phagocytosis . They 
are made up of st acked nilin proteinsjr Th e pijin s 
of al most all strains are aniigenicallv differen t 
and a single strain can make several antigenically 
different forms of pilin. 


oc curs best mp HjyZrXfo and at a temperature 
of 35°0-36°C It is esse nt ial to provide 5-10 per . 


cem_CO^ They grow well on chocolate a 
A popular selective medium is the T hay pr-iviai u n 
medium (containing vancomycin, colistin and 
nystatin) which inhibits most contaminants 
including nonpathogenic neisseria. The Chackp - 
Nair egg enriched medfum , although ngtas selec- 
tive, also supports good growth. 

Colonies are small, rou nd, translucent, convex 
o r slightly umbon ate, with-finely granular surface 


2. P rotein 1 : it extends thr ough the gonococcal 
c ell membrane. It fo rms pores in the surface .. 
Each strai n expresse yontvjroe Jypejaf Erotetn.I 
b ut the Protein LoLdifferent strains is antig eni- 
c ally different. Serological typing of Protein 1 by 
ag glutination reaction using* monoclonal anti- 
bodies has demonst rate d 18 s erovars of tvoe^IA 
and 28 s erovars of type IB . 

3. Protein II: T 


si on of gonococci within colonies and in its 
attac hment' to the heist cells . One parTof it ‘<s75 
the gonococcal outer membrane and the rest is 


and lobp (e margin s. They are sop. and easily 
emulsifiable. 


Four types of colonies have been rec ognise d,^ 
T1 to T4 . Types 1 ana 2 fo rm small br own coi- 


x.x posejton the surface _A 7strain dTggnucoc cus 
can express 0-2 or^occasionally three tv pes o f 
.P rotein U. Prote in II is present in gonococ ci 
.from opaque colonie s. It may be pres ent o r 
absent from those in transpare nt colonies. 
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4. Protein HI: This associates wit h Protein-1 i n In females, the initial infection involves the 

the formation of pores on the cell surfac e urethra and cerviffttferi . The vaginal mucos a is 

5. L ipopolvsa ccharide : T oxicity in gonococ cal n ot usually affected in adults, because the str a'ti- 

infections is large ly due' to t he endotoxic-fiffects fied sq uamous epithelium is resistant to infectio n 
of this. ~ “ by th ecoccTand also b ecause of the acid pH o f the 

6. Other proteins: Several proteins of poorly va ginal secretions. (Vulvova g initis oc c urs in' p re- 

de fined ' ro les in pathog en icity have been pubertal girls .) The infe ction may extend to th e 
describc3“Oonococci as well as meningococci' 
elaborate an IgA! protease that splits and inacti- 
vates I gATI. " " 1 


B artholin'sglands, "endometrium and Fallopian 
tubes^Sal pmgilis may lead to sterility . Clinical. dis- 
ease is as a rule less severe in females, many of 
whom may c arry gono cocci in the cervix without 
developing any cl inical sympto ms. Asymptoma- 
tic c arriage of gonococci mav also oefeur in males , 
but it is m uch less th an in fema le.^. — " 

P roctitis occu r s in both sgxegT It may develop 
by direct contiguous spr ead in the female , but in 
the male is usually th e. res ult of homosexual ncfi - 


Resislance: The gonococcus is a very delicate 
organism, readily killed by licat, drying and anti- 
septics. It is a strict parasite and dies in 1-2 hours 
in exudates outside the body. Formerly, u was 
highly susceptible ^to sulphonamid esf penicillin 

and fn any o th er antibiot ics. But gonococci Kaye _____ _ _ 

steadily developed resistance to one antibiotic ^yity. G onococcal pharyngitis has be en reporte d 
after another. * r ajrely and may follow abn ormal sexual practices. 

In cultures, the coccus dies in 3-4 days, but (’C onjunctivitis may occu r, uyjglly due toauto - 
survives in slant cultures at 35°C if kept under ^ inoculation by finger s. B lood invasion mayjtccur 
sterile paraffin oil. Cultures may be stored foT from the primary site . of infection jmdj nay le ad to 
years iffrozen quickly and left at -70°C. .^nctastaticJesions snrh ns nflhriik, ulcerative 

e ndocarditis and very Ta rc ly_mcning itis. Occa- 

y Pathogenicity: Gonorrhoea is a venereal disease ^sionally cas es ofpvaemia have beenjenorted . 
which has been known from ancient times: The A poximrercaUhfcctiaiiJi^QnQgoccaLQph* 
name gonorrhoea (meaning, flow of seed ! w:*s thalmia in the newborn . which resut ts fro m direct 
first employed by Galen in 130 A.D. 

The disease is acquired by sexual contac t. The 
fi rst step in infe ctionjiLadbesioripf gonococci to 
u rethra or other mucosal surfaces. Pili are 
involved ln "this adhesion ./Adhesion is rapid .and 
firm so that micturition after exposure offers no 
protection against infec tion. Th e cocci penetra te 
through intercell ular spaces and r each the suh- 
epithcli3l connective tissue by the third-day after 
injection , ihe nicubatibiT periotT is U-K dav Vln 
males, the disease starts as an a cute urethritis 
with a mucopurulent discharge co ntaining 
. gonococci in large numbers. The infection 
ext ends alon g the urethra to the prostate, semin al 
\csi cTes and epididymis . Chrome u rethrit is may 
lead to stricture formaifon The infection _may 
spread ttr penarcifiral tissue^ causin g abscesses 

and multi ple" dischjfKin£~ r sinuscs (‘watercan X. Fig ’ Gnnnoneci 

perineum T ' - l ’ 



n urethral pus Inset— cnLirpal view 
"* *ho«v Lidney stuped cells with adjacent «iorfjc» conuvc 
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infection during passage through the birth cana l. 
Gonococcal b actecaeg ii a leads to skin lesio ns, 
especially haemorrhagic papules and pust ules.on 
the hands, forearms, feet a nd legs and to 
tenosyno vitis and suppurative arthritis, usu ally of 
the knees*_ank les and wrists. 4 

Gonococci contain ser veral plasmi ds. Ninety 
five per cent of the str ains have a small ‘cryptic' 
unknown functionTl wo ot her pfas - 


monest of infectious diseases. In some areas, 
gonorrhoea has reached epidemic proportion s, 
especially in adolescents and yo u ng ad ults. JThe 
r ealonsfo r the increase in gonorrhoeal infecti on 
are largely so cial and cultur al. A higher incide nce / 
p i pononho ea-ha s beeiuobs e rv eU- ia -persans 

not known. 


mid s contain genes that code for beta tnctama scjt^Labor afory diagno sis: In the ac ute stage , diag- 
production which causes resistance to .penicillin * nosis can be established readily, but chronic cases 
These - plas mids are transmissible oy conjugatio n sometimes present g reat difficulties . In acute 
among gon ococci and are similar to the plasm ids gonorrhoea, the urethral discharge contains 
found in the p enicillinase produc ing Haemophilus r gonoc occi in large numbe rs. The me atus is cle an- 
and may have been acquired from th em or ot her ed with a gauze soaked in saline and a sample of 


Gram negat ivgor ganisms. About 5-20 per cent of 
gonococci contain a plasmid with the genes that 
code for conj ugation, the incidence being highest in 
geographic areas where p enicillinase producing 
gonococci are most common. 


Epidemiology : Gonorrhoea is an exclusively 
human disease, there being n o natural infe ction 
in animals. Experimental disease may be pro- 
duced in chimpanzees by urethral inoculati on. A 
lethal infection ca n be produced in mice by intra - 
cerebral in ocula tion. 

The only source of infection is a human patient 
or ca rrier. The existence of asymptomatic carriage 
in females makes them a reservoir serving to per- 
petuate infection among their male contacts. The 
mode of infection is almost exclusively venereal . 
Fomites do n ot play any significant role as the 
cocci die rapidly outside the human body. The 
only nonvenereal infection is ophthalmia 
ne onatorum^ Once so common. This h as no w - 
been controlled by t he practice of instilling silve r 
nitrate soluti on into the eyes of all newborn 
babies ( CredtfsrnethodC-cO S 
When sulphonamides and, later, penicillin 


the discharge collected w i th a platinum loop for 
cultur e, or di rectly on slides for smears. In fe- 
males, b esides the urethr a) di scharge, cervical vi 
swabs~also s hould be collected . T his should be_ 
do ne carelullv. using a speculum. High vaginal 

-f*-siynh i* nrq cfltkfnrtnry- 


l n chronic infections. there may not he any 
urethral discharge. The ‘morning drop' of secr e-Jk 


nhfamed aftrr prosMfie massrme If 

mav also be 

possible to demonstrate eonococci i 

ntherontri- 


f uged deposits ot urine in cases where no urethe- 
ral discharge is available. 

T he demonstration of intracellular^ Gram 
ne gative diplpcocci in stained smears prqvides a/ 
ptEsumpt ive eviden ce of gon orrhoea in the male. 

It has to be emphasised that diagnosis of gonor- 
r hoea bv smear examination is unreliable in ~ 
f emales as some of the normal genital flora have 
The use of 


fluorescent antibody techniques for the identift- * 1 
c ation of gonococci in smears has increased the * 
sensitivity and specificity of diagnosis bv micr o- 
scopy. 


For culture, specimensshould be inoculated on 

were found scry effective for treatment ol gonor- yprewarmed plates immediately on collection. If 
rhoea, it was hoped that the disease could be tT u^TTnpt-prr^iblcT specimens Should bOTo Hected 
eradicated. But after a temporary decline, the mth charcoal impregnated swabsand sent to th e 
incidence of the disease has been rising steeply, laboratory in Stu&rtV transport mediu m. From 
In 1970, the global incidence of new cases was petite gonorrhoea^ cultures canhe obtained reac l- 
estimatedat 16 mill ion, ma king it o ne of the c om- ity on cfiocolate agar incubated at to 3<y r C 
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under 5-10 per cent CO g, But in chronic case s. From 1976, gonococci producing B lacjam^se 
where m ixed infection is usual and in the exami- (penicillinase) have appeared. These pcnicil- 
nation oflesions such as proctitis, it is better to linase producing N. gonorrhoeae (PPNG) have 
use a selective medium su ch as Thayer-Martin’^~ spread widely (Philippines, Singapore and Stjb- 
medium. The growth is identified by morphology Saharan Africa) but their frequency is still low. 


and biocheTnical r eact ions. ^ 

I t may not be possible to obtain gonococci in 
culture from some chronic cases orfrom patients 
with metastatic lesions such as arthritis. SerolopP 
cat tests may be ot value in such instances. The 
c omp 


Penicillin is ineffective in patients infected with 
such strains. They have to be treated with other 
agents such as tetracycline or jpectinomyci n.-^ fk 


Prophylaxis: Control of gonorrhoea consists of 


fix a fion Tesffias been used with vany early detection of cases, contact tracing, health 
i ng degrees of success. It becomes positive o nly education and other general measures. As even 
so me weeksTatter the intectTon is established anu cl inical disease does not confer any immunity, 
may remain positive f or months or years after the vaccination has no place in prophylaxis. 


di sease has been c u red. T he test may be posit ive 

following meningococcal inf ectio ns. It i s nece s- 

sary to use a polyva lent antige n because of th ff 
antig enic heterogeneity of _g o nococcal strains, 
Thefest is not s uitableTor routine use, but may fie. 
em ployed in special situations. Many other 
serological tests have been attempted, including - 
pr ecipitation, pas si ve agglutination, immuno - 
flu orescence tests an d r adiommunoassay using _ 
whole-ceJI lysate, p ilus protein and lipopolysac -^ 
ch aride anti gens. But no serological test has been 
found usetul tor routine diagnostic purposes. 


-ft- 


Nongonococcal (nonspecific) urethritis T f' 


A lone with an increase in the incid e nce of gonor- 

rhoea . there has also been an increase in ree^nt 

y ears, of cases of ch ronic urethntis^w here 
gonococci canno t b e demonstrated This hns^ 
been called nongo nococcal or non spe cific ure- 
thritis. In some of these, u re t h ritivf&rms part of a 
syndrome consisting of conjunctivitis and arthriti s 
in additio n ( Reiter’s syndrom e). S ome of 'thes e 
cases mav be due_lo gonococcal infection? tfm 


cocci persisting as L forms^nd hence undetecta- 
Treatment : In 1935. when sulphonamide s wpp» >»ip by routine test s. B ut the majority of such 
in troduced for' treating gonorrhoea, all strai ns cases are the result of infections of diverse aetm- 


were sensitive to the drug, but resistancc_dev e- 
Ioped rapidly and by 1946, almost 90 per cent of 
the strains had become resistant in some coun- 
tries. Again, when peniciilin was first introduced 
in treatment, all strains were highly sensitive 
(MIC 0.005 units/ml). From 1957, strains of 
gonococci were noticed that were inhibited only 
by higher concentrations of penicillin (MIC 
higher than 0.1 unit/ml) and by 1970, over 50 per 
cent of strains from many countries were of such 
variety. Though resistance is not absolute, 
patients infected with such strains do not respond 
to treatment with the usual doses of penicillin. In 
view of this the present practice is to give very 
large doses of penicillin, 2.4-4.8 million units of 
procaine pcncillm G intramuscularly, with one 
gram probenicid orally. 


logy. The Tnost important ot these arc Chlam. 
trachomatis (TR1C agents), Uieaplnunu 


ureal) ucitin, Mycoplasma hominis H erpes virus 
and cytomegalovirus als o may account for som e 
cases. Urethritis inav also be caused hvotherhacT 
teria (e.g., G ardnerella vaginali s, Acinetobaaer 
lOH’fjii, A. nitratas), fungi (Candida a!bicatt\) 
protozoa (Trichomonas vaginalis) or even by 
mechanical or chemical irritation. Asactiologicnl 
diagnosis is seldom achieved, the management of 
t his syndrome is difficult. 


Commensal neisseriae 


Several species of neisseriae inhabit the norm al 
r espirators- trac t. The characteristic features of 
some o f the rommp n species arc listed in Ta ht^ 
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25.] T heir pnthnprn ir.<ipmfo^naiJs_iincprtriin. «■ 
tho ugh some of t he m (e.g. N< fl mesccns, 
N. catarrhahs) have be en reported o ccasionally 
as ha* me caused meningiM^ 


N eisseria catarrh ati s is now classifi ed as Bran- 
hamella catarrh aliy It is an opportunist patH ojggn 
capable of cau sing laryngitis^ < b ronchop- 
neumo nia, m eningitis and middle ear disease. 
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Corynebacterium 


Corynebacteria arc G ram posiliye/ ri onneid fa< T. 
no nmotile rods . with irr egularly stained-segments , 
and sometimes granules. They frequently show 
club shaped swellings and hence the ..name 
corynebactcria.(from corync, meaning chibjrThe 
most important member of the genus is diph- 
theriae, the causative agent of diphtheria. 
Diphtheria has been known from ancient 
times. Aretacus, the Capppdocian, in the second 
'century, described the Egyptian or S vriac ulcer. 
which most medical historians agree, can be iden- 
tified as diphtheria. The disease was first recog- 
nised as a dinical_cnt Hv bv liretonnem -f 1S26) 
who called it ‘dipht hcritcV T he name is derived. 
from the rough tpn^hprvj p seudomembrane foriti- 
ed i n the disease (dip lu fieros. mea ning leathe r). 
The diphtheria bacillus was first observed and 
described by Kle bs (1 883), but was first culti- 
vated by Locfflcr (1 8ft# It is hence known as the 
^ TKlebs-Loetllcr bacilfmj fr Locffler studied, the 
ettect ot the bacijlus in experimental animals and 
concluded that the disease was due to somc’dif- 


observed. T hey are Gram positive, but tend toh <- 
decol ourised eas ily. Gra nules composed of 
poh metaphosphate arc seen in t he cells . They 
arc more strongly Gram positive tha n the.restoL 
the bactcnaLc&H- Stained wit h Loeffier’s meth y- 
le ne blue, the granule's take up a bluish purp le 
colour and hence they are called * metachroma tic* 
granules. They arc also called volutin or_Bal>es 
Er nst g ranules. They are often situated at the 
poles of the bacilli and are calle d polar bodily 
Special stains, such a«< Xlhert*s. Ncisserl s and 
Ponder 's, have been deviscd_for demonstrating 
the granules clearly. 

The bacilli arc arranged in a characteristic fash- 
ion in smears. They are usually seen in pairs or 
small groups, the bacilli being at^ydrious angles to 
each other, resemh iing the letters Y* or L . This 
has been called the C hinese letter or cun eiform 
arran gement. This is due to the incomplete sepa- 
ration of the daughter cells after binary fission 
(Fig. 26.1). 


AvfiWr prodtocr oTrte dacnVbs. ftouxantf Verarr tfiilnnn' ohnwit-rortisr «5rirwnY te sramy-un 
(1888) discovered diphtheria exotoxin and cstab- ordinary- media. Enrichment witf fblood, seru m 
lished its pathogenic effect. The antitoxin was or egg is neces> nrv for good growt h. I he optj- 
discovcred by von Behring (1890). mum temperature tor growth is 3^Pp* (range 

, 15"— UTC) and optimum p H It is an aero be 

Corynebacterium diphtheriae , ^ and a facultative anaergjje. 

i The usual media employed for cultivation 

Morphology: The diphtheria bacillus is a slender of the diphtheria bacillus ar q JBoeffler's seru ,,, 
rod with a tendency to clubbing at one or both ^> ft>pe and tellurite blood agar. DiphtheriaJ^Tci jjj ^ 
ends, measuring approximately 3-6fx x 0.6-O.Sft. grow on Loeffler’s scrum slope ver yj.ipid lv. ;» t j 
Tlie bacilli are ple omorph ic. They are nonspor- colonies can be seen in 6-8 hours. Io na hcf o r ,» 
ing, noncapsulaled antTrionmcitile/ Ceils often other bacteria grow. Col onies are at first smnj | 
show- septaT~an5’ bra nching is i nfreq uentl y circula r, wh ite, opaque discs, but.enlarge on coj^l 
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associated with a high ease fatality rate, while 
mitis infections are less lethal, Paralytic comptj* 


idea tions are commonest in gravjT , hacmoTr hat’ ic 




iO'£ 


rig 2f» I Lefj Norm.il form -.of f difthllienaf 
Ki&tit invotuonn forms 


complications in gravis and intermcdius. and 
obstructive lesion s m~IHe air p assages in mitis 

strain in endemic areas, while gravis and intcr- 
mcdius tend to be epidemic. The mitis (ypcftfot- 
t crable than the more virulent types to establis h a _ 


tinued incubation and may acquire a distincLycl- 
ItffiLtint- Several modifications of tellurite blood 
agar have been utilised, such as McLeod's an d 
Hoyle's med ia. Tc IUmtc (0.04 per ccntl inhib its 
the growth of most other bacteria, acting as a 
selective agent. Diphtheria bacilli reduce telln - 
nte to metallic tellurium .which is incorporated in 
the colonics, giving them a grey or black colour. 

on the tellurite medium and colonies may take 
two days to appear Based on colonial morpho;.* 
logy on the tellurite medium and other properties, 
McLeod classified diphtheria bacilli into three 
types— grnv/r, inter mednr; and mi nt. The names 
were originally proposed to relate to the clinical 
severity of the disease produced by the three 
types, gravis causing the most seri ous an d mit is 
th e mild variety , with intermedins being resp on- 
siblc for disease of in ter mediate sev enty But this 
association is not constant The necessity for typ- 
ing an isolate in the laboratory has been superse- „ 
ded by the need to know whether the strain is 
toxigenic or not. But c ertain b iological charac- 
teristics of th ese individual types have som e 
value The gravis and intermcdius types are 


com mensal relationship with the ho srAVide varia- 
tions have been noted in the frequency of thodif- 
ferent types in different places aUhffcrcnt times. 
There is evidence to show that the grayis and, to 
a less extent, the intermcdius strains arc able to 
spread more readily than the mitis in populations 
naturally immune or artificially immunised. Tat»Ic 
26. 1 lists the characteristics of the three types. , 
The differences between the types arc not 
always very clear cut, and it may not be possible ^ 
to place some strains in any particular type^* 
Laboratory transformation of one type to 
another has been reported, but in the body, the 
three types appear to be stable. Diphthen^ bacilli 
ferment, with the production of add, but no gas, 
glucose, galactose , m altose^ and dextrin, buf not 
l actose, ma mfitoT or suc rose. Some strains of vir- 
ulent diphtheria bacilli have been found.tp fer-_- 


ment Micr os^ It is necessary to employ Hiss's 
serum water foTtcstmp sugar icrniemationT 
“Proteolytic activity is absent. I liey dQjiotJiy^ 
dro lyse urea or f orm phosphata se, unlike some . 
dipl uhcroidbac illi. 


Toxin: Virulent strains of diphtheria bacilli pro- 
duce a very powerful cxotoxjn? The pathogenic 
effects of the bacillus arc due to the toxny: Almost 
all strains of gravis and intermcdius (a^ut_9S^2^- 
p er cent) am t oxigcnic^ vhilc onlyjibput £(L-K5 
pe.LSCm nf mi,K V mins nreiso, The. proportio ns _ 
vary with d ie n rip in n£ lhe .cultu res tested Strain s _ 
of all three tvprs are invnrintti} virul ent when i so- 

mori "among convalescents, co m acty tmd s uffices. . 
particularly bi iliose wit h cxtrafimcinl inlec tion. 
There i.s consiuerao Te vari ation in the arttount of 
toxin produced by the dHTereffTstrains, some 


AOLE Z6 I 

Tjpc differentiation of diphtheria bacilli 
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strains producing the ‘toxin -abundantly and b y inhibiting protein synthesis . Sp ecially, fra g- 
others only poorly. But the toxin produced by all me nt A inhibits polypeptide chain elongation m ' 
strains of diphtheria bacilli is fonsidered'to be the pre sence of nicotinamide adenmp 
qualitativcly similar. The strain almost universally leotide by in activating the elongation facto r 
used for toxin production is the : Pnrk-WiIliamsS’ A? EF-£7 h li as a special affinity tor certa in tissues 
strain, w hich has been variously dcscnSctTuTa sucHasmvocardnim. adrenals and nerve endings 


rrjTfK (Toplcv and Wilson) and an i ntermedium 


Tlic diphtheria toxin is a protein and has be en 
crystallised- It has a molecular weight of about 

62.000. ItjjLc xtremely potent and the lethal dose 


Resistance: Culture s may remain viable for two or 
m ore weeks at~^.s' J -7Tr( Li is readil y destroyed hv 


he at, in ten j ninutes at 58'C and in a minute ni 
100°C it is more resistant to the Action of I 


for a 250 g guinea pig is 0 (JOflljng- I t consists of_ desiccation and freezing than most nonsporing 


two frag ments A and B nf M \V_24 00tl an d 

38, 000, respec tively. Both fragments are neces- 

sary for the toxic effect. Whe n released by th e 
bacterium, the toxin is inactive because the active 
site on fr agmcntAiS-jriaskeci, Activation is pro- 
bably acco mplis hed by proieaSe^prcsent in the 
culture - medium and infected Tissues. A ll the. 
enzymatic a ctivity on im toxi n is presen t in frag- 
ment A Fragment B^s responsible for btndirjg 
the toxin tothecclk. The antibody to fragment 
is protective by p reventing t h e binding of the 
to xin toTIie~cclls_ The toxin is labile Prolonged 
storage, incub ation at 37*C for 4-6 weeks, treat- 
ment vvTt fi 0 2— tJ 4 per cent" fonnalm or acid nH. 
C onverts it to toxoid 'Jloxoid isaoxip thm n.ts tost. 
Us toxicnv hm .not antigenicity. J us capablturf 
p roducing antitoxin and reacting specifically with 


b acilli. It has been cultured from dried hits of 
ps eudomembrane af tpr It rem ai ns fully 

vi rulent in blankets and floor dust forlive week sT 
It is easily destroyed by antiseptics. It is mode- 
rately susceptible to sulphonamides and quite 
susceptible to penicillin, erythrom ycin and the 
broad spectrum antibio tics. 7 ) ' 


Antigenic snuctnre : Diphtheria bacilli ar ea nth 
genicallv.heicrogeneous . By agglutination. SraviT 
'strains liave been classified imo r u type.s , .tntcr- 
mecJius int o 4 tvnesj ind mitismio 4f) typ es Gravis 


strains of types 1 and III h ave been reporter! to be 


common in Great Britaim Type 11 worldu 
type IV mainly in Egypt and type V in the L TS A . 
No correlation has been established between 
type specificity and other characters. 


Tlic toxigcmcitv of the diphtheria bacillus 
depends on the presence in it of a symbiotic bac»- 
tenophage. the he rn phage, w hich acts as tKc 
genetic delerminant controlling toxin produc- 
tion. Nontoxigenic strains may be rendered toxi- 
genic by infecting them with beta phage oronc of/ 
its variants This is known as l ysogenic or phage. 
conversion. Tlic toxigcnicity remains only as long*' 
as the bacillus is lysogenic. When the bacillus is 
cpreri of > k phage. as by grossing It In the presence 
o f antmhage scrum , it l oses the tox igenic ca pacity . 

Toxin production is also mtlucnceU by the con- 
centration o f iron in the mediu m. O ptimum Icv^ l 
of iron for toxin production isJ Li-mg per lure, 
while a concentration of 0 5 m u p er litre inhibit s 
the f ormation of tox in. Tli^ jjpJiificna toxin acts 


Bacteriophage typing: About . 35 bacteriophage 
types have been described. Type I to ill strains 
arc mitis. I V and VI intcrrngdi us, Vll JLVirulenL 
g ravis a nd “the remainder. virtilcnt f gravis . Pig 
pha ge types arc apparently stable . A system of. 
bJctcriocin fdinhthencm ) typing has also been 
described. 

Pathogenicity: The incubation period irt diphthe- 
ria is rfimmnnlv hfii may on occasion be 

as short as one day. Tn carriers, the incubation 
period may be very prolonged The site of infec- 
tion may be: 1) faucial/2 ) kifChgcal. 31, n’fis.iL . 
4) otitic/3 ) co n?unctiyaf~6 ) g cn>ffilr - vulval, vac- _ 
mal or prepppai, and 7 ) cutaqprfus — mainly 
aro und the mouUi orncis e: some times dipht hCfi- ~~~ 
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bacilli will remain viable. The scrum slope may broth and 0.8 ml of the emulsion injected s ub- 
s how growth in_6Ahoijrs. but, it negative/- wil l cutaneously into two guinea pi gs, one of which 
have to be incubated for 24 hours Smearsstained has been protected with 500 units of diphtheri a 
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(^Tissue culture te st: 1 


bacilli c nn be rip TTinnsrrai e44w4ncorT>orating4h e 
tes t strains into the agar overlay of cell culture, 
monol ayers. ' Hie to xin produced diffuses into th e 
cells belqwand kills the%/ 


infeyi on in such cases is invariahly transmit ted by 
the n\Ukex. The infection may be spread through 
the milk of infected cow s r 


Epidemiology: Diphtheria was formerly an 
important pediatric disease all over the world, 
but following .the development of effective 
prophylactics and mass immunisation, the dis- 
ease has Been virtually eradicated from most 
advanced countries. Thus, in England and 
Wales, Between 1915 and 1942, the number of 
diphtheria cases per year was about 50,000 and 
deaths around 2,500-4,000. It was the com- 


Prophylaxb'. Diphtheria can be controlled by a 
programme of mass immunisation, as has . been 


doneun most advanced nations. The methods of 
immunisation available are active^ passive or 
c ombined^ Sm cepiibilitv_to_diphtheria_cah_he 


monest cause of death in_c hildren aged 4-1JX / 

Slndt/jc/n 


detected hv the Schick test. W h en the diphtheri a 
tox in is injected mtradermallv into a susceotThl e 
p erson, it causes a local reaction, while ip 
i mmune individual, no r ea ction ensues as jfr e 
t oxin is neutralised hv the antitoxin in circulation. 
This is the principle of the Schick test* 


years. But in 1965, there were on ly 25 cases and^Schicfc tes t: A skin test dose of diphtheria toxin 
no deaths! Dip hthe ria, however, continues to be (0.2 ml containing 1/50.MLD) is Injected Tiura- 
a serious problem in the developing countri es. defma tly on th e left forearman d a similar dose .o f 

In endemic areas, it is mamlv .a disease oi ch ild- to xin inactivated by heating at | 70°C for 30 
hood, ft is rare in the fi rst year pf life> r eaches a mi nutes is injected on the right forearm/ R ead- 
peak betwee n 2 and 5 years, fall s slowly betwee n inesua rc taken after 1,4 and!? days. J o ur types pf 


5 an d 10 years an d rapid ly between. 10 and 15^. rea ction may 


Infection is_jare in early infancy because_oLthe 
pas sive immunity obtninrrt.fronuhe mother, and 
in adults due to ttie active imm unity acq uired bv 
rep eated subclinical infection . The disease is 
^commoner in rural than i n urban ar eas^-Jtls typi- 
cally a disease of schools and instituti ons where 
children of the susceptible age are herded to- 


xeaciion: An area of erythema and 


gether. ^symptomatic < 
: tnroa 


in t he throat or nose is comm on. I n endem ic 
areas, "tBere'may be 100 carriers for every.clinical 
case. Carriers transmit the infection to their con- 
tacts. Fo mites do not seem to play an importan t 
role thoug h m special situations to ys and pencils, 
may "act as vehicles of infection . Nasal carriers 
har bour the bacilli foT longer bZfiods than throat 
c arriers . In certain tropical areas, a low grade 
diphtheria infectionjjf the skin is common, par- 


ticularly oh the lips, as sociated witly a^ero puni-. 
lent nasal dischar~" 


swelling at the site of injection of the toxin, 
appears in 24-28 hours, reaching lts.maxmjurp 
between the fourth and seventh days, when it 
measures 1-5 cm and then fading with superficial 
scaling and persistent brownish pigmentation. 
The control area injected with heated toxin will 
sfagffi no rp?>rtinn A p ositive tes t indicates fKa l 
the person is flfsrpptih?e_tn diphtheria y* 

^. ^egative reaction : There is absence of anv 
reaet jon on either ar m. It indicates that the 
has been neutralised by the circulating arititcS in 
jjnd th aUhe-per^Ofm-immunetorliphlhe rijir-^ 
^^‘PspnHo’-reariinn- There is erythema occu r- 
ring within 6-24' hour s and disappearing com - 
pletely withiffTouE. da.vs. rgiyjign isjhe4^m e 
on both arms . This indicates that the person is 
immu ne to diphtheria and also that he is hypersen- - ? 
sitive to the corT^nenfs^o7^iphtheri.ibacTTTi. / 


In nature, diphtheria is virt ually confine d to 
man, though COWS may on nernsinn-he found to 
have diphtheritic i nfection of the ud der. The 


adults because they ti a vc~teEn~sgnsTTiTc'J~K y 
repeated contact with the bacillus. 


~4. Combined reaction: ijere the initi al picture is 
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to\ic activity o f culture filtrates .varies consider - discrepancy is due to the presence in toxic fil- 
ably f rom batch to batch As such, ih cirs^tn^piz t rates of varying amounts of toxoid and to the 
disation or measurement should Fe with relcr- ability of the toxin and antitoxin to combine in 
cnce t o their bi ological acTivIu ^ J-hrlich defined varying proportions. This is known as the Ehrlich 
the minimum lethal dose (MLD) o t dipfrtKena phenomenon. - 

toxin as th e least amount of the toxin required to The use of death as an end point for titration of 
kill a guinctTpig \\ciuhTiig~250 g within 96 hours, toxin is wasteful of animals. Romcr introduced a 
aft er subcutaneous inoculation . One unit of method of titration employing the erythematous 
antitoxin was defined as the s mallest amount of swelling produced by the intrudermal injection of 
a ntitoxin required to neutralise MLL) o f toxin, and its neutralisation by antitoxin. The 
toxin. K ee ning a labile substance like the toxin as minimum reacting dose (MRD) is the least 
iK c -standard ,lcd_to. inaccuracies . T oxin under- amount of toxin that, when injected intradermal- 
goes sp ontaneous denaturation into • toxoid , ly in a guinea pig, causes an erythematous flush 
which wi ll combine equally well with the anti - 5 mm in diameter, visible after 36 hours. The Lf 
toxin. Thus, any sample of toxin will contain a dose is the smallest amount of toxin which after 
vari able fjuantity of toxoid wh i ch will "vitiate stag- mixing with one unit of antitoxin, will produce a 
dardisation of antitoxin. Th e antitoxin, on th e minimal skin reaction, when injected intradpr- 
ot her hand, is per manently stable tnjheJrceze.- mally into a guinea pig. 

drie d state^ Therefore. *hr? antitoxin -has been Ramon introduced a test tube method for lit* 
ado pted as~the reference preparation . Ehrlich^ rating toxin and antitoxin based on flocculation, 
origi nal antitoxin is ac cepted as the international The flocculating or Lf unit of diphtheria toxin is 
sta ndard. One a ntitoxin unit(AU) i s defined as that amount of toxin which flocculates most 
th aT amount of antito.xinJhai has *h e ™mc to tal rapidly with one unit of antitoxin, The Lf unit has 
combining capacity, for toxin and toxoid several advantages. It is inexpensive and rapid 
to gether, as on e unit of Ehrlich's original-anti- and does not need animals. It is also the only 
to xin. . ^ method available for the titration of toxoids. The 

Since toxin always contains some toxoid, two amounts of toxoid in prophylactics is expressed in 
other unitages for measurement of toxm have Lf units. Each dose of FT. PTAP and PTAH con- 
been introduced, the Lo and L+ dpses. Th e Lo tains 25 Lf units of toxoid. *4 
(Limes nul ) dose of diphtheria toxin is the.l argest 

amount of toxin that, when mixed with one unit Treatment. Specific treatment of diphtheria con- 
of antitoxin and injected subcutaneously into a sists of antitoxic an d anti biot ic, therapy. Anti- 
250 g guinea pig, will, on the average, cause no toxm should be given immediately when a case is 
observable reaction. As 'no reaction’ is not a defi- suspected as diphtheria, as the fatality rate 
nite end point, in actual practice, the end point is- increases with delay in starting antitoxic treat- 
taken as minimal local oedema. The L+ ( Limes ment. The dosage recommended is unit* \ 

tod) dose of diphtheria toxin is the s malles t intramusc ularly for moderate cases and^Q-QOQ to - 

amount of toxin that, when mixed with one unit LOO.OOO units for serious cases, ha lf the dose 

of antitoxin and injected subcutaneously into a being given in travenous ly. 

250 g guinea pig, will on the average kill the ani- C. diphtheriae is sensitive to penitillrrptfnd can 
mal within 96 hours. If toxin is combined with be" cleared from the throat within a few days by p 

antitoxin in constant proportions, it would be penicillin treatment. Diphtheria jjpticnts , are c 

expected that the difference between the L + dose given a course of penicil lin, though it onl y sup ple- 

and the Lo dose would be equal to 1 MLD. But ments and does not replace_antitoxic therapy, 

when the estimations are actually made, it is Erythro mycin is more actiyjs-than penicillin in the 

found to vary from 10 to 100 MLD or more. This treatment of carriers. 
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gen es, causing bovine .mastiti s and suppurativ e 
lesions in_ gigs; C. ren ale, c ausing. cystitis and 
p yelone phritis in .cattle; and C. equi , isolated 
from pne umonia in foaly 


Diphtheroids^ 


Other pathogenic corjnebacteria 

C^ idcerans is a bacillus related to C. diphtheriaef 
which can cause lesions, clinically resembling 
diphtheria. It resembles the g ravis typ e-of-tlm. 
diphtheria bacillus, but it liq uefies gelatin.Jgr; 

, r merits trehalose sl o wly and_5oes not reduce nil: 

rate to nitrite.. It produces two types of toxins,. 

) one probably identical with the diphtheria toxin 
a nd the other resembling the toxin of £, pseudo- 
/Mftwm^^jriT^atHogemcjoTuhKa^gith^ 
lesions produced resembling those caused by 
C. diphitteriae . 1 1 has been found to eausejnfection 
i n cows, and human infection may be transmitted. 
th rough cow's milk Dipht heria antitoxin is pro- 

]£ q i .yg . 

C- nates fr equently found in acne is of doubtful 
pathogenicity. It is anaerobic and is now clas- 
sified as P ropionibacteri u m ~~ 

Cprvnebacteria of veterinary im portance are 
the Preisz-Nocard bacillus (C , pscuctombercttlosisL 
which causes psc udotuoetculQsis in sheep and 
sup purative .lymphadenitis in horse s; r nv£ - 
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CorynebJCteria resembling C. diphtheriae occur 
as normal c omm ensals iri the throat, skin, con- 
Junctiva and other areas. These may sometimes be 
mistaken for dij^Uheria,_bacilli and are called 
diphtheroids. In general, diphtheroids stain more t 
uniformly than diphtheria baci lli, possess few or 
no metachrgmatic_granules dnd tend to Tie 
a rranged in parallel row s (p alisadesj/ rather than 
cuneiform pattern. But some diphtheroids may 
be indistinguishable from diphtheria ^acillt 
microscopically. Diffetentiation'is bje-bibchemi- 
c al reactions a nd, more reliably, virulen ce 
tests. The common diphtheroids a ^/ C^pseud o- 
y ij phtheril icum A C. Jiofmatmp , fournl— in the 
tfuoat and C. xewsts, tound in the conjunctival 

***** 



Bacillus 


Sporogenous, rod shaped bacteria are classified sess spores ( Koch, 187 6) and the fi rst bact erium 
into twcfgroups, the gerobir BndU i and the an- used for the preparation of an attenuated vaccjn^ 
aerobic Clostridia u The genus Bacillus consists of (Pasteur, 1881). 

aerobic bacilli forming he qt resis tant spores 

They are positiv e, but tend to be^de - ^ Morphology : The a nthrax bacillus is one of th e 

colourised easily so as u> appear G ram variab le.fiU argest of pajhogenic bacteria, measuri ng. 3-10 /x 
or even frankly Gr am ne gative. They are gengr - x 1 -1.6 y .- In tissues, it is f ound sinelvJrLPaia or 
allv^noiile wi th peritrichous flagell a. the anthrax in short chains, the entire chain being surrounded 
bacillus be! ng a notable exception . Members of by a capsule. The caps ule is polypeptide in^ 
thts genus exhibit great diversity in theiT proper- nature. ..h eing composed of a polymer of d f-) 


ties, so that proposals have been made to sub- 
divide them into s everal genera , but no accep t - 
able scheme has been arrived at. Th e genu s 
includes p sychrophil ic. mesoph ilic and thermo- 
philic species, the Tnaxi mum ‘temperatures fo r 
vegetative growth ranging from about 25 U C to 
above 75°C and the minim um from about -5IClo 
45°C. The salt tolerance varies fro m less than two 
percent to 25 per cent NaCJ. 

Their spores ss re ubiquitou s, being found, in ~ 
soil, dust, water and aif and constitute the com- 
monest contaminants in bac teriol ogical culture 
media. Ba cillus anlhracis , the causa tive agent o f 
ant hrax, is the o nly pathogenic species , thoug h 
B^cereiuj nay cause foodpoisoninp. g) 

Bacillus anthracis ^ 


glutamic acid . Capsules are n ot formed unde r 
ordinary conditions of culture, bu t-onh Li Llbc 
me dia contain added bicarbonate or are incur 
bated under 10-25 per ce nt XO? . If grown i n 
media containing serum, atbumen. charcoal o r 
s tarch, c apsule formation may occur in th e 
absence of CO. 

I n culiuresTlhe bacilli are arranged end-to-end p- 
in jpnc chain s. The ends o f th e bacilli are trun - 
. cated, or often concave and somewhat sw ollen , 
so that a chain of bacilli presents a Tiamboo stick ffi 
ap pearanc e. S pores are formed m cul t ure or j n~" 
thejoil, but never in the animal hody d u ring li fe. 
S poli ation occ urs under unfavourable condi- 
tions for growth and is encouraged by distille d q, 
Pj water. . %% L-N. aQ o r gro wth in oxalated agar. / 
•^S pores a r e formed only in the presence of 
oxygen . Sporutation is inhi bited by anaer obic (9 


Considerable hist orical interest is attached to the conditions and bv^ra fcium_chlon de. Spores are 2 
anthrax bacillus . It was the jlfsi pathogen ic_batffi c entrgL, elljpt ical or oval in shape, an d.arej Bf r> 
teriu m to be observed under the microscop e (Pol- the same width as the bacillary body so that th ey 
lender, 1849), the J ust communicable disease do not c ause bulei Xg of the ve getative cel l 
shown to be tr ansmitted bv inoculation o f^-f Fig. 27.1). " * 

infected blood ( Davaine, 1850). the fir st ba cUlu&s The anthrax bacillus is ‘ Gr,im positive and 
to be isol ated in pure culture a nd shown to pos- nonacidXaft. The spores do hot stain by ordinary 

X 


lti^s a 
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methods, bill can be stained differentially by spe- 
cial t echniq ues. When stained with S udan bla ck 
./at ^l ohulps may be made out within the bacilli. 

stain ed withjffivchrome m ethylene blue for a 
few seconds and examined under the microscope, 
an amorphous- purplish .m ateria* is noticed 
around the baqilfi. This represents the capsul ar 
majerial and is characteristic of the ant hrax b acil- 
lus. This is called th^N UFadyean js reaction and is 
employed for the pre sump tive ^ djagnp sj V of 
anthrax in animals. V' 1 - 

The anthrax bacillus is ngTvmotilp, unlike most 
other members of this genus ^ . 

Cultural characteristics: It is an aerob e and a ^ 
facultative anaerobe, with a temperatur£_range 
t for growth of I2!Cr4 S°C (optimum L 35°C- 
.^STC). The optimum temperature forsporulation 
U 25 o C-_30°C . Good growth occurs on qrd inary j 
media.' 

On agar plates, irregularly r ound coloni es are 
formed, 2^_mm in diameter, rajsed,duir, opa- 
que, greyish, white, with a f rosted glass appe ar- 
a ne e.’ Under the low powerjoicroscope, the edge 
of the colony is composed o(, long , i nterlacin g 
chains of bacilli, resembling locks Of matted hai r y 
This is called the ( Nfc dus a head appearan ce^ I-ie. 
27.2). Virulent gapsulated strains form r ough co l- 
onics , while avirulent or attenuated strains form 
smooth colonies On gelatin stab culture, a 
' • = 5 * 


t»g 27 2 l-.hI It imifnmt\ 

colony & \ 

characteristic^Tn verted - fir- tree ^jp pearan ce is 
seen, with sloivHiquefaction cormnencing from 
the top (Fig. 27.3). On b loo d agar, the colonies 
are no nhaem olytic, though occasional strains 
produce a narrow zone of haemolysis, fn broth, 
growth occurs as floccujar dep osit/ with Ijyle or 
no turbidity. , 

When B. ani/trads is grown on the surface of a 
solid me dium containing 0.05-0.5 units of 
penicillin7ml Jn 3-£ hours the cells b ecome larg e 
spherical and occuFin chains on the s urface oltK e 
gear, resembling a st ring of pea rls. This^tringof 
ipfearls reaction* differentiates clearlyfl ^nw/irn c/s 
fr om B. cere tts and othcr acrob jc spo r g bearer s. 
Anotherusefui test to differentiate U.jmthracis 
from B. ceteiis is_the forme r’s suscept ibility to 
gammaphag e. - - . -- ** 

A selective medium ( PLET med iupr), consist- 
ing of polymyxin, lysozy me, ethylene diamine 
tetra acetic* acid (EDTA) and (hallous acetate 
addecTfo heart in fusion agar, has been devised to 
isolate"#, anthracis from mixtures containing 
other sporc-beanng bacilli. - 

Biochemical reactions :■ Glucose, maltose and 
, sucrose are fermented producing acid, but no 
gas. Nitrates are reduced to nitrites. Catalase is 


formed. 
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Fig 27 J Anthrax bacillus in g elatin stab culture, showing 
inverted Hr tree appearance — 

Resistance: The vegetative bacilli are not par- 
ticularly resistant and are destroyed at 60’C in 30 
minutes. In the carcasses of animals which had 
died of anthrax, the bacilli remain viable in the 
bone marrow for a week and in the skin for two 
weeks. Normal heat fixation of smears may not 
kill the bacilli in blood films. The spores are 
highly resistant to physical and chemical agents. 
They have been isolated from naturally infected 
soil after as long as 60 years. They resist dry heat 
at 140°C for 1-3 hours and boiling for 10 minutes. 
They survive in 5% phenol for weeks. HgClj in a 
1/1000 solution may fail to kill anthrax spores in 
less than 70 hours. Four per cent potassium per- 
manganate kills them in 15 minutes. Destruction 
o.f the spores in animal products imported into 
nonendemic countries in achieved hy ‘dnekerinp’ 
in which formaldehyde is used as 2°'Tsolmionat 
39°C-40°Cfor20 minutes for disinfection of wool 
and as 0.25 per cent at 60°C for six hours for ani- 
mal hair and bristles. The anthrax bacillus is sus- 


ceptible to sulphonamides, penicillin, ery- 
thromycin, streptomycin, tetracycline and 
chloramphenicol. Occasional strains resistant to 
penicillin have been met with. 

Antigenic structure: The antigenic structure of 
the bacillus is not well understood. Three anti- 
gens have been characterised. The .capsular poly - 
^ pe ptide, usually found in virulent strains is a hap - 
ten. Antibody to the capsular polypeptide is not 
protective. The somatic polysaccharide, found as 
a complex in the cell wall, cross reacts serologi- 
cally with the capsular polysaccharide of type 14 
pneumococcus. The antibody to this antigen is 
not protective. The somatic protein (protective 
antigen) is present in the oedema fluid ofanthrax ✓ 
lesions. It is heat labile and precipitates with its 
antibody in agar gel. Its antibody is protective. 

Pathogenicity: In nature, anthrax is primarily a 
disease of cattle and sheep, and less often oT 
horses and swine, but experimentally, most 
mammals are susceptible to a greater ^ir lesser 
degre e. Rabbits, guinea pies and ron -eare 
tible, whi le rats and Algerian sheep are res istant. 
Infection can be produced with difficulty in birds. 
Frogs are completely resistant, while toads are 
very susceptible. ^ 

culture into a guinea pig, the animal dies in 24-72 
hours, showing a l ocal, gelatinous J inpmnrrhftoir 
oedema, at the site of inoculatio n, extensive sub- 
cutaneous congestion and, characteristically, an 
enlarged, dark red, friable spleen . T he blood is 
dark red and coagulates less firmly than nor- 
mally The b acilli are found in large numbers in 
the local lesion, heart blood and spleen. The 
bacilli are seen confined to the interior of the 
capillaries, where their numbers may be so great 
as to obstruct the flow of blood. For a long time, 
no true toxin could be isolated from the anthrax 
bacillus, and so death was considered to be due to 
the physical choking of capillaries by the bac- 
teria. The pathogenesis of the disease has been 
clarified recently by the identification of a toxin, 
originally in the sterile plasma of guinea pigs 
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dying of anthrax, and subsequently in vitro in 
media containing large amounts of serum. The 
toxin is a complex of three fractions that act 
synergislically. They have been named the 
oedema factor (EF or factor I), the protective 
antigen (PA or factor II) and the lethal factpr (LF 
or factor III). They are not toxic individually, but 
the whole complex produces local oedenja- and 
generalised shock, apparently by increasing 
capillary permeability. Toxin production is con- 
trolled by a plasmid, the loss of which renders the 
strain nontoxigenic. The capsular polypeptide 
also acts as a virulence factor by inhibiting 
phagocytosis of the bacillus. 

_» 

1 . . „ Oly 

Anthrax j 


spontaneously, but may sometimes lead to fatal 
septicaemia, • 

Pulmonary anthrax is called the wool sorter’s 
disease because it used to be common" n workers 
in wool factories, due to inhalation of dust from 
infected wool. This is a haemorrhagic pneumonia 
with a high fatality rate. Haemorrhagic menin- 
gitis may occur as a complication. 

Intestinal anthrax is rare and occurs mainly in 
primitive communities who eat the carcasses o f 
animals dying of anthrax. A violent enteritTswith 
bloody diarrhoea occurs, with high case fatality. 

Human anthrax may be industrial or non- 
industrial. The former is found in workers in 
industries such as meat packing or wool factories. 

” anthrax is often an occupational 

I disea 


Anthrax is a zoonosi^ Animals arc infected by 
ingestion of the spores present in the soil Direct 
spread from animal to animal is rare. The disease 
is generally a fatal septicaemia, but may some- 
times be localised, resembling the cutaneous dis- 
ease m man. Infected animats shed in the dis- 
charges from the mouth, nose and rectum, large 
numbers of bacilli, which sporulate in soil and 
remain as the source of infection 

Human anthrax is contracted from animals, 
directly or indirectly. The disease may be 1) cuta- 
neous, 2) pulmonary, or 3) intestinal, all types 
leading to fatal septicaemia. 

Cutaneous anthrax follows entry of the infec- 
tion through the skin. The face, neck, hands, 
arms and back are the usual sites. The lesion 


disease in those who associate frequently with 
animals, such as veterinarians, butchers and far- 
mers. It may also be found in the general popula- 
tion. Cutaneous anthrax used to be caused by 
shaving brushes made with animal hair. 
Stomoxys calcitrans and other biting insects 
may, on occasion, transmit infection mechani- 
cally. ~ 

Anthrax is enzootic in India, the numbers of 
animals infected running into tens of thousands 
annually. The disease is raTe in some countries, 
such as Britain, where infection is imported 
through contaminated hides, bone meal fertiliser 
and other animal products. The extent of anthrax 
in man is not clear, but about 10,000 cases are 
believed to occur annually throughout the world, 
mostly in rural areas. Anthrax infection in man 


starts as a papule 1-3 days after infection and s - // p rovides permanent immunity a ntTsecond attacks 
becomes vesicular, containing fluid, which may are extremely rare. 


be clear or bloodstained- The whole area is con- 
gested and ^edematous and several satellite 
lesions, filled with serous or yellow fluid, are 
arranged round a central necrotic lesion, which is 
covered by a black eschar. (The name anthrax, 
meaning coal, comes from the black colourofthe 
eschar.) The lesion is called a ' malignant pustu le*. 
The disease used to be common in do ck wo rkers 
carrying loads ofh'ides ancTskins on their bare 
backs and hence was known as the hide porter’s 
disease. C utaneous anthrax generally resolves 


Laboratory diagnosis: Anthrax may be diag- 
nosed by microscopy, culture, animal inoculation 
or serological demonstration of anthrax antigen 
in infected tissues. The immunofluorescence 
technique can be adopted for identifying B. anth - 
racis in smears. Acute and convalescent phase 
sera should be obtained, since antibodies to the 
organism can be demonstrated by gel diffusion, 
complement fixation and tanned cell coated anti- 
gen agglutination techniques. The type of test to 
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TABLE27.1 


Differentiating features between Anthrax and Anthracoid bacilli 


Anthrax bacilli 

Anthracoid bacilli 

1 Nonmoiile/ 1 ' 

2 Capsul&siL/ 

3 Grow in lonpchainsy/ 

4 Medusa head colony S 

5 No growth in penicillin near 

(10 units/ml) ' 

6 Haemolysisabsenicr.weak 

Generally motile 
Noncapsulated 

Grow in short chains 

v'* Grow usually, 

Usually well-marked 

7 Invertecffir tree growth and 

slow gelatirfltauefaction^ 

8 No turbidity in broth 

9 Salicin fermentation negative 

10 No growth at4S!C' 

11 Growth inhibited by chloral 

hydrate 

12 Susceptibletogamniaiibage 

13 Pathogenic to laboratory animals 

Ranid liauefaction 

Turbidity usual 

Usually positive 

Grows usually./- 
Not inhibited'' 

Not susceptible 

Not pathogenic . 


be employed depends on the nature of the mater- 
ial available. 

When an animal is suspected to have died of 
anthrax, autopsy is not permissible, as the spilt 
blood wjJ) lead to contamination of the soil. An 
ear may be cut off from the carcass and sent to the 
laboratory. Alternatively, swabs soaked in blood 
or several blood smears may be sent. The demon- 
stration of Gram positive bacilli with the mor- 
phology of anthrax bacilli and a posit) vs . 
M’F advean’s reactio n will enable a presumptive 
diagnosis to bemade. Isolation of the bacillus is 
easy if gross contamination has not occurred. The 
anthrax bacillus can often be isolated from con- 
taminated tissues by applying them over the sha- 
ven .skin of a guinea pig. It is able to penetrate 
though minute abrasions and produce fatal infec- 
tion. If the sample received is putrid so that viable 
bacilli are unlikely, diagnosis ma^Jje established 
by As coli’s thermoprecipitation tef t^The tissues 
are ground up tn saline, boiled for five minutes, 
filtered'and layered over the anti-anthrax serum in 
a narrow tube. If the tissues contain anthrax anti- 


gens, a well marked ring of precipitate will 
appear at the junction of the two liquids within 
five minutes at room temperatuie- 

Prophylaxis : Prevention of human anthrax is 
mainly by general me thods such_as improvement 
of factory hygiene and proper sterilisation of ani- s 
mal products l ike hides and wool Carcasses of 
animals suspected to h ave died of anthrax ar e 
buried deep in quicklime o r cremated to preven t 
soil contain inatioiv. 

Prevention of an thrax in animals-is aide d by 
active immunisation. The anthrax vaccine is of 
great historical importance. It was Pasteur’s con- 
vmcing demonstration of the protective effect o f 
his anthrax vaccine in a p ublic experi ment at 
Pouil lv-le-Fort in 1881 that marked the beginning 
of scientific immunoprophylaxis. Past eur’s va c- 
cine was anthrax bacil lus atte nuated by growth at 
42°C-43°C 

As the spore is the common infective form in 
nature, vac cines con sisting of sporesot attenua- 
ted strains were developed. The Sterne vaccine 
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contained spores of a noncapsulated avirulent 
mutant strain. The M azucch i vaccine contained , 
spores of stable atte n uatedCarbazzoo strain in 
2% saponin. Tlie spore vaccines" have been used 
extensively in animals with good results. They 
give protection for a year following a single injec- 
tion. But they are not considered safe for human 
use. Al um precipitated tox oid prepared from the 
protective^ antigen has been shown to be a safe 
and effective vaccine for human use. It has been 
used in persons occupationally exposed to 
anthrax infection. Three doses intramuscularly at 
intervals of six weeks and six months induce good 
immunity, which can be reinforced if necessary 
with annual booster injections. 


Bacillus cereus 

: 

B. cereus has recently assumed importance as a 
cause o f food poison ing. It is widely distr ibutedjn 
nature and maybe readily isolated fr om soil, yg_g . 

milk, cereals, spices, meat and poultry. B. egats 
is generally motile but nonmotile strains mav 
occur. It fgse mDies B.xmtiiracis in many resp ect? 
except that it is not capsulated an'd is notsus cepti-| 
ble to gamma phage and does not reac t wilhl 
anth rax fluorescent antibody c onjugate, the aniJ 
mal pathoccnifitv test also dillefenti ates bet- 
ween the two. 


Treatment : Antibiotic therapy is effective in 
human cases, but succeeds rarely in animals as 
therapy is not started sufficiently early. Antibio- 
tics havejto effect on the toxin once it is formed. 
With peni cillin and streptomyfodreat ment, case 
fatality in malignant pustule^has fallen from 


B. cereus produce s two patterns of foo dbome 
disease. One is associated with a wide range of 
foods including cooked meat and vegetables. It is 
characteri sed by diarrho ea and abdominaLpain, 
( 8M6 houg afteringeslTon of contaminated food. 
Vomiting is rare. B. cereus is not found in large 
numbers in faecal specimens from these patients. 


20 per cent to five per cent. Sclavo’s sepum pre-^The second type is associated almost exclusively 

...si. .L„ 


pared by active immunisation oTasses used to be 
the specific treatment formerly. It may still be 
tned in serious cases along with antibiotics. 

Anthracold bacilli 

Other species of the genus Bacillus nr£. not of 
much medical importance. B. su htHi s js^ay on 
occasion act as an opportunistic pathogen, caus- ^ 


with the consumption of cooked rice, usually 
fried rice from Chin ese resta urants. The illness is 
characterised by acute nausea and vomiting 1-5 
hours after the meal. Diarrhoea is not common. 
B. cereus is present in large numbers in the cooked 
rice and faecal samples from these patients. 

It has been shown that the two types of diseases 
are caused by strains of B. cereus belonging to 
different serotypes. The diarrhoeal disease is 
ing eye infections and septicaemia. B. cereujy mostly caused by serotypes ^ 6, 8, 9, JO or_12. 
causes food poisoning. B. licheniformi^has also while the rice associated emetfcjjlness is Caused 

— •»- * 1 — c by serotypes 1, 3, or 5 Isolates from the diar- 

rhoeal type of disease produce an enterotoxin 
which causes fluid accumulation in ligated rabbit 


been reported to cause food poisoiVfng. Some 
species are important as producers of antibiotics 
such as bacitracin, tyrothricin and polymyxin. As 
frequent contaminants, they are often isolated in 
the laboratory. Most of them can be differen- 
tiated easily fromjhe anthrax bacillus, but some, 
like B. cereu$ vafT m ycoide y being nonmotile, 
may rcsembttTE. a nth racis. Aerobic spore'bear- 
ing bacilli, having a general resemblance to 
B. anthracis, are called an thracoid or pseudp-a n- 
v/^thraxjiflcilli. Table 27.1 lists the main dilfcren- 
tiating features between them. 


ileal loops, while strains causing the emetic type 
of disease produce a toxin which causes vomiting 
when fed to Rhesus monkeys. The emetic toxin 
was produced only when B. cereus was grown in 
rice but not in other media. Two mechanisms of 
action have been described for the enterotoxin of 
B. cereus, one involving stimulation offfAMP 
system and the other independent of it. * 

A special mannitol - egg yolk - phenol red - 

• — — - — -J/ 


BACILLUS 


235 


polymyxin agar (MYPXV medium^is^useful in B. ceretis produces lecithinase and fermeptsglu' 
isolating B. emus from faeces pettier sources, cose but not mannitol. ^ — ' 
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Clostridium 


Clostridium consists of Gram po s^" Cl. tetani type VI which are nonmotile. The moti- 
lity is slow and has been described as ‘stately*. 
Cl. welchi i and C l. butyriatm are capsulate d. 
while others are ngt/ 

Clostridia are easily stained. Th ey Sue Gram 
positive, but in older cultures, ce lls a re 
often Gram variable , or even frankly Gram nega- 
as gangrene, food poisoning^nd tetanus. S ome of live. 

Itepathogens (e.g., Cl. welc/ui and Cl. leiam ) are Clostridia are anaerobic. The sensitivity to 
DUnd normally in human and ani mal intes tines, oxygen varies in different species. Some (e.g.. Cl. 
lany species are pathogenjc. but mijst arcsapro- /Cfiedeinauens) are e xacting anaerobes and die on 
hytcs found in soil, water and decomp osing ^exposure to oxygen, while some othei 


<c, anaerob ic, spore forming bac illi. The spores 
Fe wider than the bacillary bodies, giving the 
acillus a swollen appearan^p, resembling a 
pindle. Hence the name Clostridium ( kloster , 
l eaning a spip dle). The gefTO^contains bacteria, 
esponsible for three major disease s of man — 


lant and animal matter. Some (e.g., C l. acet o- 
ttiyhcum ) are of industrial importance, used tor. 
ie production of chemicals such as aceton e and 
utanol.v^c 

Clostridia are highly jleomomhic They are 
od shaped, usually 4 h$ u._ x 0 .4-1 .2p.W n size. 
x>ng filam ents a nd involution fo rms are common, 
pore formation occurs with varying fre quency in 
ifferent species. Some (Cl. sporogencs) spo.ru- 


oxygen’ while some others (e.g.. Cl. 

histolyticum) are aerotolerant and may even 
grow ae robica lly. More important than th e 
absence of oxygen is the provision of a suTfi- 
cientiy l ow redox potential (E h) in the m edium. 
This can be achieved by ( adding redu£jng sub- 
stances such as unsaturated fatty acids, gsgofbic 
acid, glutathione,, cysteine, th ioglycollic a cid, 
alkaline glucose, sulphites .or m etallic i ron . A 
small concentration of CQi ap pears to enhan ce 


tte readily, while 1 others (('I. welchii) dosojr icon- ✓•growth. The optimum temperature for patho- 
lant ly Sporulation takes place in the animal genic Clostridia is 37°C. Some saprophytic clos- 
>ody also T he shape and positicTi of spo iesvarys tridia are thermophilic an d othe rs psych tophiUc. 
n different species and these tire of use in thel^t-TheoptiiminuH is 7-7.4. ' ~ ~ 

dentification add classification of clostridi al Growth is relatively slow on solid media. 
iporesmaybe 1) central or equatorial, g iving the Coloni al characteristics_a re variable. Some spe- 
lacillus a spindle shape (Cl. btfernientans), cies are haemolytic on blood agar. A very useful 
!) subterminal , the bacillus appearing’cluffshaped ^m edium is Robertspn!s_cook ed meat broth. It 
Cl. welchii), 3)'oval and terminal, resembling a conrains unsat urated fatty a cids whichtake up 
ennis racket (Cl. tertiurn)^nr 4) sphcricaTand oxygen, the reaction being catalysed by haematin 
erminal, giving a drumstick appearanc e (Cl . in the meat, and also su lphydryl com pounds 
etani). • which bring about a reduced OR potential. Clos- 

Clostridia are motile with perit richate flgg clla, tridia grow in the medium, rendering the broth 
ivith few exceptions such as Cl. welchii, and turbid. Most species produce gas. Saccharolytic 



species turn the meat pink. Proteolytic specie s 
turn the meat bla ck and produce tool and pe r- 
vasivc odours. In litmus m ilk medium , t he pro- 
ductibn o f acid, i lot and tins can ho detected . 

The ve getative cells of clostrjdia do not diffe r 
from n onsporing bacilli in their resistance' to 
physical and chemical agents. The s pores exhib it 
a pronounced, but variable resistance to heat, 
drying and disinfectants. Spores of Cl. botuhnu m 
survive boiling for 3-4 hours an d, even at 1QS°C. 
are not kifled compl etely in less man ll Klnunutes 
Spores of most strains of Cl. welchii are destroyed 
by boiling for less than five minutes, but spores of 
some Type A str ains that cause food poisoning 
survive for several hours. Cl. tetani spores persis t 
for years in dried earth. Spores of some strains of 
Cl. teuyii resist boilin g for 15-90 minu tes, though 
in most cases, they are destroyed witi un fiv e 
minutes. All spores arc killed hv autoclaving a t 
121°C within 10 minutes. Spores are particularly 
resistant to phenolic disinfectants. Formaldehyde 
is not very active and spores may some times sur - 
vive immersion in 2% s olution for upto five da ys 
Halo gens are effective and 1% aqueous iodin e 
solution kills spores within three hours. Glutaral 
dehyde (2% at dH 7.5-8.5) is very effectiv e in k jl-* 
ling spores. Clostridia are sensiti ve to antibiotics . 
Of the antibiotics' used commonly, tetracyclines 
are ths. m ost activ e^ p enicillin less so an d 
chloramphen icol still les s.^ 

Clostridia can produce disease only when the 
contiitionsare appropriate. Thctr invasne power > 
are limited. Pathogenic clostridia form powerful 
exotoxin s. Cl. bottilinum is totally noninvasiv c 
and practically noninfeciio us. Botulism is due to 
ingestion . of preformed toxin in foo d. Cl tetan i 
has s light invnsivc.p ro perties and is co nfine d to 
the pri mary site of lodgem ent. Tetanus- results 
from the action of the potent exotoxin it pro- 
duces. The gas gangrene clostridia. besi des being 
toxigenic, arc also i nvasiv e and can spre ad alo ng 
tissues and ev en cause_s eptic aemia . 

Many methods have been adopted for the clas- 
sification of clostridia. Th ese include morphol og- 
ical featu res s uch as th e sha pe a pd-position of 
spores and biochemical featu res such as sacch- 


arolvtic and proteolytic capacities (Table 28.1). 
Clostridia of medical importance may also be 
considered under the diseases they produce (see 
classification below). 


A. The gas gangrene group: 

^Established patho- s Ct welchii . , 
gen s i s ci. scpticuni 

v CL oede/rwfie/i s 

2. Less pathoge nic Cl. histolvticum . 

3. Doubtful pathoge ns Cl. bifermentans 

Cl. sporoeen ess 


B. Tetanus > 

C. Food poisoning: 

1. Gastroenteritis 

2. Botulism 

D. Acute colitis 


s Cl. tetan i „ 

C/. welchii (Type A 1 
y Cl. botuhnum 
y Cl. difficile . 


CLOSTRIDIUM WFLCHII 


(Cl. perfnngcns, Bacillus aerogenes capsulatus; 
B phtegnionis emphysematosac .) 

This bacillus was originally cultivated by Aghiiluic 
(1.891) but was first described in detail by Weigh 
ana Nuttall ( 1892), who isolated it from the blood 
and organs ot a cadaver. This is the most impor- 
tant of the clostri dia causing gas gangrene. It also 
produces Joodjyuisoning and necrotic enterit is m 
man and many s erious diseases in anima ls. 

Cl. n elch u is a norma! inhabitant of the 
intcsttncs-of-roan and animals. It is found inJae- 
ces and contamina tes the skin of the perineum,-' 
but tocks and thigh s. The spores are commonly 
found in s oil, dust and air. 

Morphology: I t is a plum p. Gra m positive Kuri l- 
tus with straight, parallel si des and rounded or 
t mneated ends, about 4-6 u. x Ip., u sually occur - 
ri ng singly or in chains or small Jhundles.Jt j s 
pleomorp hic, and filaments a nd i nvolution forms/ - 
are common. It is c apsuIated_amLnonrooti(c; 
Cfu.rr>* oc .suhtmni na i . hut" ■ irc- farch 

seen in art ificial .cultur e , or i n material f rom 
pathological lesions, and their absence is one » ' 
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the characteristic morphological features of 
Cl n'clchii. 

Cultural characteristics: It is an anaerobe, but can 
also grow under micro-aetophilic conditions. 
Oxygen is not actively toxic to tKe bacillus and 
cultures do not die on exposure to air, as happens 
with some fastidious anaerobes It grows over a 
pH range 5.5-8$ and temperature range of 2(P - 
50°C. Though usually grown at 37*C, a tempe- 
rature of 45°C is optima! for many strains. The 
generation time at this temperature may be as 
short as ten minutes. This property can be utilised 
for obtaining pure cultures of Cl. w elchii . Robert- 
son’s cooked meat broth inoculated with mix- 
tures of Cl. welchti and other bacteria and incu- 
bated at 45°C for 4-6 hours serves as an enrich- 
ment. Subcultures from this onto blood agar 
plates yield pure or predominant growth of 
Cl. welclm 

Good growth occurs m Robertson’s cooked 
meat medium. The meat is turned pinl^. butjsjaat 
digested The culture has an acid reaction and a 
sour odour. 

In litmus milk, fermentation of lactose leads to 
formation of acid, which is indicated by the 
change in the colour of litmus from blue to red 
The acid coagulates the casein (acid clot) and the 
clotted mtfk is disrupted due to the vigorous 
gas production The paraffin plug is pushed up 
and shreds of clot arc seen sticking to the sides 
of the tube. This is known a% ‘stormy fermenta- 
tion’. . 

After overnight incubation on rabbit, sheep or 
human blood agar, colonies of most strains show 
a ‘target haemolysis’, resulting from a narrow 
zone of complete Ifaemolysis due to theta toxin 
and a much wider zone of incomplete haemolysis 
due to alpha toxin. This double jpne pattern of 
haemolysis may fade on longer incubation. 

Biochemical rf actions: Glucose, maltose, lactose 
and sucrose are fermented with the production 
of acid and gas. It is indole negaiive, MIJ positive 
and VP negative. H^S is formed abundantly. 
Most strains reduce nitrates. 


Resistance : Spores are usually destroyed \yithfn 
five minutes, by boiling but those of the ‘food- 
poisoning’ strains of Ty pe ‘A and certain T ype C 
strains resist boiling for 1-3. hours, ^ utodaving* 
at J21°Cfor 15 minu tes is lethal. Spores arc resis - 
tant to th e antiseptics and disinfectants in com- 
monuse^. 

Classification: Cl . n elchii strains are cla ssified 
into five t ypes, A to E, base d on the toxins they 
produce. Though the bacillus produces a large 
number of toxins, typing depends on the four 
Jjnajor toxins’. Typin g is done bv neu tralisation 
tests with specific antitoxins by intracutaneous 
injection in guinea pigs or intravenous injection 
in mice. 

Toxins’ Cl. wejgjiii is one of the most proli fic of 
toxin producing bacteria, forming at least 12 dis- 
tinct toxins, besides many other enzymes and 
biologically active soluble substances. The four 
‘major toxins’, alpha, beta, epsilon and iota, are 
predominantly responsible for pathogenicity. 

Alpha (a) toxin is produced by all types of 
Cl. welchii and most abundantly bv Tvnc_A 
'strains. This is the most important toxin biologi- 
cally and is responsible for the profound 
toxaemia of gas gangrene. It is tethal, dermonec- 
rotic and haemolytic. It is a phosp holipidase 
(lecithinasc C) which, in the presence of Ca ++ 
and Mg ++ ions, splits lecithin into phosphory! 
choline and a . diglyceride . This reaction is seen as 
an opalescence in serum or egg yolk media and is 
specifically neutralised by the antitoxin. When 
Cl. welchii is grown on a medium containing 6% 
"agar. 5% F i Ides’ peptic digest of sheep blood an3 
20% human serum, with the antitoxin spread on 
one half of the plate, colonies on the half without 
the antitoxin will be surrounded by a zone of 
opacity. There will be no opacity around the col- 
onies on the half of the plate with the antitoxin, 
due to the specific neutralisation of the alpha 
toxin. This s pecific lccithinase effect, kn own as 
die NaglerTeacti on, is a useful test for the rapid 
detection of Cl. welchii in clinical specimens (Fig. 
28.1). The incorporation of neomycin sulphate in 
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fig 28 I Nagle r reaction Cl welchii colonics on the right half 
of the plate are surrounded hy haloes, while colonies on the 
left half (containing antiserum to alpha toxin) have no 
haloes around them 


the medium makes it more selective, inhibiting 
coliforms and aerobic spore bearers. Human 
serum may be replaced by 5% egg yolk. The 
opalescence in the egg yolk media may be pro- 
duced by other lecithinase forming bacteria also 
( Cl. oedematiens, Cl bifermentans, some vibrios, 
some aerobic spore formers). In the case of these 
bactena, the reaction js not neutralised by 
Cl. welchit antitoxin, except with Cl. bifermentans, 
which produces a serologically related lecithinase. 

The alpha toxin is haemolytic for the red cells 
of most species, except horse and goat, due to its 
action on the phospholipids on the erythrocyte 
membranes. The lysis is of the hot-cold variety, 
being best seen after incubation at 37°C followed 
by chilling at 4°C. It is relatively heat stable and is 
only partially inactivated by boiling for five 
minutes. 

Beta fP). epstlon (e) and iota ft) toxins have 
lethal and necrotising properties. Gamma (y) 
and eta f^) toxins have minor lethal actions. Delta 
(ft) toxin has lethal effect and is haemolytic for the 
red cells of even-toed ungulates (sheep, goats, 
pigs, cattle). Theta f0) toxin is an oxygen labile 
haemolysin antigen ically related to streptolysin O. 
It is also lethal and a general cytolytic toxin. Kappa 


(k) toxin is a collagenase. Lambda (k) toxin is a, 
proteinase and gelatinase. Mu (p) toxin is a 
hyaluromdase and Nu '(v) toxin a deoxyribo- 
nuclease. 

Besides the toxins. Cl. welchii also produces 
other soluble substances, some of which possess 
enzymatic properties. These include theenzymes 
which destroy the blood group substances A and 
H, a neuraminidase which destroys myxovirus 
receptors on red blood cells, a substance which 
renders red blood cells panagglulinable by expos- 
ing their T antigens, a hnemagglutirtin active 
against red blood cells of man and most animals, 
a fibrinolysin. a haemolysin distinct from alpha, 
theta and delta toxins, histamine, a ‘bursting fac- 
tor’ which has a specific action on muscle tissue 
and may be responsible for the characteristic 
muscle lesions in gas gangrene, and a ‘circulating 
factor* which can cause an increase in the 
adrenaline sensitivity of the capillary bed and 
also inhibit phagocytosis. 

Pathogenicity: Cl. welchii produces the following 
human infections: 

G as gang rene: Cl. welchii Type A is the pre- 
dominant agent causing gas gangrene, It may 
occur as the sole aetiological agent, but is more 
commonly seen in association with other Clos- 
tridia as well as nondostndiai anaerobes and 
even aerobes. All clostridial wound infections do 
not result In gas gangrene. More commonly, they 
lead only to ‘wound contamination', or, anaerobic 
cellulitis. It i s only when muscle tissues are 
i nvaded tha^ga s gangrene (anaerobic myositis) 
results. 

~ Tood poisonin g: Some strains of Type A (food- 
poisoning strains) can produce food poisoning. 
They arc characterised by the marked heat resis- 
tance of their spores and the feeble production of 
alpha and theta toxins. They have been shown to 
produce a heat labile enterotoxin. which. like the 
enterotoxins of V. cholerae and enteropathogenic 
E. c oli, leads to fluid accumulation in the rabbit 
ileal loop. 

Food poisoning by Cl. welchii is usually caused 
by a cold or warmed up meat dish. After an incu- 
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bation period of 8-24 hours, abdominal pain, 
diarrhoea and vomiting set in. The illness is self- 
limited, and recovery occurs in 24-48 hours. 
Diagnosis is made by isolating heat resistant 
CL welchii Type A from the faeces and food. As 
this may be present sometimes in normal intestine, 
isolation from faeces, except in large numbers, is 
not meaningful. Isolation from food has to be 
attempted by direct plating on selective media, as 
the bacillus is present in food mainly as the veg- 
etative cells 

Gangrenous appendicitis : Cl welchii Type A 
(and occasionally Type D) strains have been iso- 
lated from gangrenous appendicitis. The demon- 
stration of antitoxin in these patients and the 
beneficial effects of the administration of anti- 
toxin also suggest the aetiological role of the 
bacillus in this condition. It has been proposed 
that the toxaemia and shock in some cases of 
intestinal obstruction and peritonitis may be due 
to the toxins of Cl. welchii 

Necrotising enteritis : A severe and often fatal 
necrotising jejunitis (enteritis necroticans, pig- 
bel) has been found to be caused by Type C 
strains. This condition is rare, but sporadic cases 
and outbreaks have been reported from different 
countries — Germany, New Guinea, East Africa, 
Thailand and Nepal. Active immunisation with 
Cl. welchii Type C toxoid has been shown to give 
.protection against this condition . 

Necrotising colitis This is a very rare but fatal 
disease in which large segments of the colon 
become gangrenous. This has been proposed, but 
not proved to be due to Cl. welchii infection. 

Biliary tract infection: CL welchii has been 
reported to produce two rare but serious infec- 
tions of the biliary tract — acute emphysematous 
cholecystitis and post-cholecystectomy septi- 
caemia. 

Endogenous pas gangrene of intra-abdom i nal 
o rigin : Gas gangrene of the abdominal wall has 
been reported as an infrequent complication of 
abdominal surgery. The infection is endogenous, 
the organism being derived from the gut and con- 
taminating the abdominal wall during surgery. 
Gas gangrene of the thigh as a result of infection 


tracking from the abdomen has also been 
reported. 

Brajn abscess and meningitis: Brain abscess 
and meningitis due to Cl. welchii have been 
reported very rarely. 

Panophthalmitis: Panophthalmitis due to 
CL welchii has occasionally followed penetrating 
eye injuries. 

Thoracic infections: Clostridial infection of the 
chest cavity may"7ollow penetrating wounds of 
the thorax. This is more often seen in battle 
casualties than in civilian situations. 

Urogenita l infections: Infection of the urinary 
tract may occasionally follow surgical procedures 
such as nephrectomy. Clostridial infection of the 
uterus is a serious and not infrequent condition, 
commonly associated with septic abortion. Septi- 
caemia is common in this condition. 

CLOSTRIDIUM SEPTICUM 

This bacillus was first described by Pasteur and 
Joubert (1887) and called Vtbrion septiqucyUws is 
a pleomorphic bacillus, about 3-8p. x 0.6 m. in size, 
forming oval, central or subterminal spores. It is 
motile by peritrichate flagell«j/Growth occuts 
anaerobically on ordinary media. The colonies 
are irregular and transparent initially, turning 
opaque on continued incubation. Haemolysis 
occurs on horse blood agar.Jjrowth is promoted 
by glucose. It is sa’ccharolytic and produces abun- 
dant gas. 

Six groups have been recognised, based on 
somatic and flagellar antigens. CL septicum pro- 
duces at lease four distinct toxins and ftbrinolysin. 
The alpha toxin is haemolytic, dermonecrotic 
and lethal, the beta toxin is a leucotoxic deoxyri- 
bonuclease, the gamma toxin a hyaluronidase 
and the delta toxin an oxygen labile haemolysin- 

Cl. septicum is found in the soil or animal jptes- 
tine. It is associated with gas gangrene in man, 
usually with other closmdia. It also causes ‘braxy’^ 
in sheep and ‘malignant oedem^fin cattle and 
sheep. CL septicum is so closely related to 
Cl. chauvoei that the two are grouped as a single 
species. Cl. septicum can escape from the intes- 
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fines of man and animals and invade the tissues 
shortly after death. Therefore, the presence 01 
CL septicum in pathological specimens must bp 
interpreted with caution. 

CLOSTRIDIUM OEDEMATIENS 
(Cl. novyi) 

This is a large, stout.’pleomorphic, Gram positive 
bacillus about 4-lOp. x l-2p. in size, with large, 
oval, subterminal spores. It is widely distributed in 
soil. It is a strict anaerobe, readily inactivated by 
the exposure of cultures to air. Four types (A tcj* 
D) are recognised, based on the production of 
toxins. Only Ty pe A is of medica l importance^ 
it causes gas gangrene. Gas gangrene caused by 
CL oedematiens is characterised by high mortality 
and large amounts of oedema fluid with little or 
no observable gas in infected tissue. Other types 
produce veterinary diseases. Cl. oedematiens is a 
potent toxin producer. The following toxins have 
been identified: alpjpi — necrotising and letha l; 
beta — h aemolytic, necrotising, lethal, lecithi - 
nase; g amma — haemolytic, necrotising, lecith i- 
nase, delta — oxygen labile haemolysin; e psilon 
— lipase, op alescence in egg yolk;* ze r o — hacm o- 
lysin; e ta — tropomyosinase; theta — opa le- 
sccnceineggyolk. 

CLOSTRIDIUM HISTOLYTICUM 

This is an actively proteolytic Clostridium, form- 
ing oval, subterminal, bulging spores. It is 
aerotolerant and some growth may occur even in 
aerobic cultures. It forms at least five distinct 
toxins: alpha — lethal, necrotising; beta — col- 
lagcnase, gelatinasc; gamma — proteinase, gela- 
tinase; delta — elastinase, gelatinase; epsilon ■ — 
oxygen labile haemolysin. Spores are found in 
soil, but the distribution seems to be sparse and 
.uneven. It is associated with gas gangrene in man, 
but less often than other clostridia . It is of interest 
that Dhayagudc and Purandarc (1949) found 
Cl. histolyticum to be the sole pathogen in 
four out of 25 cases of gas gangrene from Bom- 
bay. 


CAS GANGRENE 

Oakley (1954) has defined gas gangrene as *a 
rapidly spreading, oedematous myonecrosis, 
occurring characteristically, in association with 
severe wounds of extensive muscle masses that 
have been contaminated with pathogenic clos- 
tridia, particularly with Cl. welchii'. The disease 
had been referred to in the past as ‘malignant 
oedema*. Other descriptive terms that have been 
used are ‘anaerobic (clostridial) myositis’ and 
‘clostridial myonecrosis’. Gas gangrene appears 
to have been described by Hippocrates (460-355 
BC), but the disease did not come into promi- 
nence until World War I. In 1914, the incidence 
of gas gangrene among the wounded in the 
British Expeditionary Force was as high as 12 per 
cent with a case fatality of upto 25 per cent. With 
improvements in the management of war casual- 
ties, the incidence fell to one per cent by 1918. 

Gas gangrene is characteristically a disease of 
war, in which extensive wounds with heavy con- 
tamination are so common. In civilian life, the 
disease generally follows road accidents or other 
types of injury involving crushing of large muscle 
masses. Rarely, it may even follow surgical oper- 
ations. 

The bacteriology of gas gangrene is varied. 
Rarely, it is due to infection with a single clostn- 
dium. Generally, several species of clostridia arc 
found in association with anaerobic streptococci 
and facultati\ c anaerobes such as E. colt, proteus 
and staphylococci. Amongst the pathogenic clos- 
tridia, Cl. welchu is the most frequently encoun- 
tered (approximately 60 per cent). Cl. oedema- 
tiens and Cl. septicum being the next common 
(20-40 per cent), and Cl. histolyticum less often. 
Other clostridia usually found are Cl. sporogcncs, 
Cl. fallax, Cl. bifermentans, CL sordellii. 
Cl. aerofoetidum and Cl. tertium. These may not be 
pathogenic by themselves. The relative incidence 
of the different species varies in different scries of 
cases and may be a reflection of the distribution 
of the species in different soils. 

Clostridia enter the wounds usually along with 
impJjntcd foreicn particles such as soil (part ini- 
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larly, manured or cultivated soil), road dust, bits 
of clothing or shrapnel. Clostridia may also be 
present or the normal skin, especially on the 
perineum and thighs. Infection may at times be 
endogenous. Gas gangrene may occasionally fol- 
low dean surgical procedures (especially ampu- 
tations for vascular disease) and even injections 
(especially of adrenaline). 

The mere presence of Clostridia in wounds does 
not constitute gas gangrene. MacLennan has dis- 
tinguished three types of anaerobic wound infec- 
tions: 

1 . Simple wound contamination with no invasion 
of the underlying tissue, resulting in little more 
than some delay in wound healing. 

2. Anaerobic cellulitis in which Clostridia invade 
the Fascial planes, with minimal toxin production 
and no invasion of muscle tissues. The disease is 
gradual in onset and may vary from a limited *gas 
abscess’ to extensive involvement of a limb. The 
infecting Clostridia are typically of low invasive 
power and poor toxigenici ty. There is a seropuru- 
lent discharge from the wound with an offensive 
odour Toxaemia is absent or negligible and the 
prognosis good. Anaerobic cellulitis is two or 
three times more frequent than gas gangrene 
amongst battle casualties, but is rare in civilian 
life. 

3. Anaerobic myositis or gas gangrene, which is 
the most serious, associated with clostridial inva- 
sion of healthy muscle tissues and abundant for- 
mation of exotoxins. Gas gangrene results only if, 
in the wound, the conditions favourable for clos- 
tridial multiplication exist. The most important 
of these is a low oxygen tension. Tins is achieved 
ideally in battle wounds in which there arc 
implanted bullets or shell fragments, along with 
bits of clothing and soil particles. The ionised cal- 
cium salts and silicic acid in the soil cause tissue 
necrosis. Crushing or tearing of the arteries pro- 
duces anoxia of the muscle. Extravasation of 
blood increases the pressure on the capillaries, 
reducing the Wood supply still further. The Eh 
and pH of the damaged tissues fall, and these 
changes along with the chemical changes that 
occur within the damaged and anoxic muscles, 


including breakdown of carbohydrates and liber- 
ation of aminoacids from proteins, provide an 
idea! pabulum for the proliferation of anaerobes. 
Extravasated haemoglobin and myohaemoglo- 
bin are reduced and cease to act as oxygen car- 
riers. As a result, aerobic oxidation is halted and 
anaerobic reduction of pyruvate to lactate leads 
toafurtherfallinEh. 

The clostridia multiply and elaborate toxins 
which cause further tissue damage. Tnough the 
exact details arc not known, it is possible to sur- 
mise the role of the various toxins in the develop- 
ment of the disease. The lecilhinases damage ceil 
membranes and increase capillary permeability, 
leading to extravasation and increased tension in 
the affected muscles, causing furtheranoxic dam- 
age. The haemolytic anaemia and haemo- 
globinuria seen in Cl. welchii infections arc due to 
the lysis of erythrocytes by the alpha toxin. The 
collagcnascs destroy collagen barriers in the tis- 
sues and hyaluromdases breakdown the intercel- 
lular substances, furthering invasive spread by 
the clostridia. The abundant production of gas 
reduces the blood supply still further by pressure 
effects, extending the area of anoxic damage. It 
becomes, thus, possible for the infection to 
spread from the original site, making the lesion a 
progressive one. 

The incubation period maybe as short as seven 
hours or as long as six weeks after wounding, the 
average being 10-48 hours with CL welchii, 2-3 
days with Cl. septicum and 5-6 days with Cl. oedc- 
matiens infection. The disease develops with 
increasing pain, tenderness, and oedema of the 
affected part, along with systemic signs of 
toxaemia. There is a thin watery discharge from 
the wound, which later becomes profuse and 
serosanguincous. Accumulation of gas makes the 
tissues crepitant. In untreated cases, the disease 
process extends rapidly and inexorably. Pro- 
found toxaemia and prostration develop and 
death occurs due to circulatory failure. 

Laboratory diagnosis: The diagnosis of gas gan- 
grene must be made primarily on clinical 
grounds, and the function of the laboratory is 



Cl QSTKID1UM 


245 


only to provide confirmation of the clinical diag- 
nosis as well as identification and enumeration of 
the infecting organisms. Bacteriological exami- 
nation also helps to differentiate gas gangrene 
from anaerobic streptococcal myositis, which 
may be indistinguishable from it clinically in the 
early stages. In the latter, Gram stained films 
show large numbers of streptococci and pus cells, 
but not bacilli, contrasting with the scanty pus 
cells and diverse bacterial flora seen in films from 
gas gangrene. 

The specimens to be collected are I) films from 
the muscles at the edge of the affected area, from 
the tissue in the necrotic area and from the exu- 
date in the deeper parts of the wound; 2) exu- 
dates from the parts where infection appears 
to be most active and from the depths of the 
wound, to be collected with a capillary pipette or 
a swab; and 3) necrotic tissue and muscle frag- 
ments 

Gram stained films give presumptive informa- 
tion about the species of Clostridia present and 
their relative numbers. The presence of large 
numbers of regularly shaped Gram positive 
bacilli without spores is strongly suggestive of 
Cl. welchii infection. ‘Citron bodies’ and boat or 
leaf shaped pleomorphic bacilli with irregular stain- 
ing suggest Cl septicum. Large bacilli with oval, 
subterminal spores indicate Cl. oedematiens. 
Slender bacilli, with round, terminal spores may 
be Cl. tetani or CL tetanomorphum. 

Aerobic and anaerobic cultures are made On 
fresh horse blood agar and heated blood agar. It is 
advisable to use 5-6 per cent agar in the plates to 
prevent swarming. A plate of serum or egg yolk 
agar, with CL welchii antitoxin spread on one half 
is used for ‘Nagler reaction'. Four tubes of 
Robertson’s cooked meat broth are inoculated 
and heated at 100 ° C for 5,10,15 and 20 minutes, 
incubated and subcultured on blood agar plates 
after 24-48 hours, to differentiate the organisms 
with heat resistant spores. Blood cultures are 
often positive, especially in CL welchii and 
CL septicum infections, though it should be 
remembered that CL welchii bacteracmia may 
occur without gas gangrene. The isolates are 


identified based on their morphological, cultural, 
biochemical and toxigenic characters. 

Prophylaxis and therapy: Surgery is the most 
important prophylactic and therapeutic measure 
in gas gangrene. All damaged tissues should be 
removed promptly and the wounds irrigated to 
remove blood clots, necrotic tissue and foreign 
materials. In established gas gangrene, uncom- 
promising excision of all affected parts may be 
lifesaving. \Vhere facilities exist, hyperbaric oxy- 
gen may be beneficial in treatment. 

Chemotherapy and antibodies are of value in 
prophylaxis, in combination with adequate 
surgery. Gas gangrene clostridia are susceptible 
to sulphonamide, metronidazole, penicillin and 
tetracycline, but not to chloramphenicol and 
aminoglycosides. Antibacterial therapy appears 
to be of little benefit in the treatment of estab- 
lished gas gangrene. 

Passive immunisation with polyvalent ami- 
toxin (anti-gas gangrene serum) is generally advo- 
cated in the prophylaxis of gas gangrene in cases 
with extensive soiled wounds. 'Hie dose recom- 
mended is 10,000 units of CL wetchii antitoxin, 

10.000 units of Cl oedematiens antitoxin and 

5.000 units of CL septicum antitoxin, given 
intramuscularly or, in emergencies, intraven- 
ously. Precaution should be taken to guard 
against hypersensitivity to horse serum. Anti- 
toxins are used .therapeutically also, at least 
thrice, the prophylactic dose being given intra- 
venously and repeated every six hours, if neces- 
sary. 

Active immunisation with toxoids has been 
found, experimentally, to induce good antitoxic 
response, but the utility of this method in 
prophylaxis is uncertain. 

CLOSTRIDIUM TETAM 

CL tetani is the causative organism of tetanus. 
Tetanus has been known from very early times, 
having been described by Hippocrates and Are- * 
taeus. Carle and Rattone (l 884-) transmitted the 
disease to rabbits. Nicolaier (1884), stud} mg the 
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experimental disease, suggested (hat the mani- 
festations of tetanus were due to a strychnine-l ike 
poisoji produced by the bacillus multiplying 
locally. Rosenbach (1886) demonstrated a slen- 
der bacillus with round terminal spores in a case 
of tetanus. The final proof of the actio logical role 
of the bacillus in tetanus was furnished by 
Kitasato (1889) who isolated it in pure culture 
and reproduced the disease in animals by inocula- 
tion of pure cultures. 

Cl. tetani is widely distributed in soil and in the 
intestine of man and animals. It is ubiquitous and 
has been recovered from a wide variety of other 
sources, including street and hospital dust , cotton 
wool, plaster of pans, bandages, catgutT talc, 
wall plaster, clothing, etc. It may occur as an 
apparently harmless contaminant in wounds. 

Morphology 

It is a Gram positive, slender bacillus, about 
4-8|i. x 0.5n, though there may be considerable 
variation in length. It has a straight axis, parallel 
sides and rounded ends. 1 1 occurs singly and.occa- 
sionally in chains. The spores are spherical, ter- 
minal and bulging, giving the bacillus the charac- 
teristic 'dr umstick' a ppearance (Fig. 28.2). The 
morphology of the spore depends on its stage of 
development and the young spore may be oval 
rather than spherical. It is noncapsulated and 
motile by peritnchatc flagell^/ Young cultures 
arc strongly Gram positive, but older cells show 
\anablc staining and may even be Gram nega- 
ti\c. 

Cultural characteristics 

It is an obligatory anaerobe (hat grows only in 
the absense ofoxjjen. The optimum temperature 
is 3 T'C arid pH 7.4. It grows on ordinary media 
Growth is im prosed by blood and serum^but not 
v by glucose Surface colonics arc difficult to 
obtain as the growth has a marked tendency to 
V swarm over the surface of the aear. especially i f 
(tic mediu m is moist . An extremely fine, translu- 
f / com film ot grow this produced (hat is practically 
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invisible, except at the delicately filamentous 
advancing edge. This property enables (he sep- 
aration of Cl. tetani from mixed cultures, If the 
water of condensation at the bottom of a slope of 
nutrient agar is inoculated with the mixed cul- 
ture, after incubation anaerobicatly for 24 hours, 
subcultures from the top of the tube will yield a 
pure growth of t he tetanus bacill us (Fildes* 
technique). 

In deep agar shake cultures, the colonics are 
spherical fluffy balls, 1-3 mm in diameter, made 
up of filaments with a radial arrangement. In 
gelatin stab cultures a fir tree type of growth 
occurs, with slow liquefaction. 

It grows well in Robertson’s cooked meat 
broth, with turbidity and some gas formation. 
The meal is not digested, but is turned black on 
prolonged incubation. 

On horse blood agar, a-haemolysis is pro- 
duced, which later develops into p-hacmolysis, 
due to the production of a haemolysm ftctanoly- 
sin). 

Biochemical reactions 

Cl. tetani has feeble proteolytic, but no sac- 
charolytic property. It docs not attack any sugar. 
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It forms indole. It is MR and VP negative. H 2 S is 
not formed. Nitrates are not reduced. Gelatin 
liquefaction occurs very slowly. A greenish 
fluorescence is produced on media containing 
neutral red (as on MacConkey's medium). 

Resistance 

The resistance of tetanus spores to heat appears 
to be subject to strain differences. Most are killed 
by boiling for 10-15 minutes, but some resist 
boiling for upto three hours. When destruction of 
spores is to be ensured, autoclaving at 12l°C for 
20 minutes is recommended. On the other hand, 
when heat is applied in order, to free cultures of 
Cl. tetani from nonsporing contaminants, it is 
important not to exceed 80°C for 10 minutes, as 
even this mild treatment can cause considerable 
destruction. Spores are able to survive in soil for 
years. Spores are resistant to most antiseptics. 
They are not destroyed by 5% phenol or 0.1% 
mercuric chloride solution in two weeks or more. 
Iodine (1% aqueous solution) and hydrogen 
peroxide (10 volumes) kill the spores within a few 
hours. 

Classification 

Ten serological types have been recognised based 
on agglutination (types I to X). Type VI contain s 
nonfl agellated strains. All other types possess 
type speci fic flagellaj iantigens^AH thetypespro- 
duce the same toxin, which is neutralised by 
antitoxin produced against any one type. 

Toxins: Cl. retani produces at least two distinct 
toxins — a haemolysin (tetanolysm) and a power- 
ful neurotoxin (tetanospasmin). The two are anti- 
genically and pharmacologically distinct and 
their production is mutually independent. A 
third toxin, a nonspasmogenic, peripherally 
active neurotoxin has been identified recently. It 
is not known whether this plays any role in the 
pathogenesis of tetanus. 

Tetanolysin is a heat labile, oxygen labile hae- 
molysin, antigenically related to the oxygen labile 


haemolysins produced by Cl. welchii, Cl. oede- 
matiens and Str. pyogenes. This lysin is active 
against erythrocytes of several animal species, 
especially the rabbit and the horse. Its pathogenic 
role is unknown. It may act as a leuco toxin. 

Tetanospasmin is the toxin responsible for the 
clinical manifestation of tetanus. It is oxygen sta- 
ble, but relatively heat labile, being inactivated at 
65°C in five minutes. It gets toxoided spontane- 
ously or in the presence of low concentrations of 
formaldehyde. It is a good antigen and is specifi- 
cally neutralised by the antitoxin. The toxin has 
been crystallised. The toxin constitutes 5-10 per 
cent of the bacterial weight. It exists in two forms. 
A monomer of MW 68,000 which is toxic and a 
dimer which is nontoxic but antigenic. 

It appears to be a simple protein. The purified 
toxin is active in extremely small amounts and has 
an MLD for mice of about 50-75 x 10~ 6 mg. The 
amount of toxin produced depends on the strain 
of bacillus and the type of culture medium used. 
There is considerable variation in the susceptibil- 
ity of different species of animals to the toxin 
The horse is the most susceptible. Guinea pigs, 
mice, goats and rabbits are susceptible in that 
descending order. Birds and reptiles are highly 
resistant. Frogs which are normally insusceptible, 
may be rendered susceptible by elevating their 
body temperature. 

Pathogenicity: Cl. tetani has little invasive power. 
The spore implanted in a wound can germinate 
and multiply only if the conditions are favour- 
able. The toxin produced locally is absorbed by 
the motor nerve endings and transported to the 
centra! nervous system along the axis cylinders of 
the peripheral nerve. The toxin is specifically and 
avidly fixed by gangliosides of the grey matter of 
the nervous tissue. Tetanospasmin resembles 
strychnine in its effects. The tetanus toxin specifi- 
cally blocks synaptic inhibition in the spinal cord, 
presumably at inhibitory terminals that use 
glycine as neurotransmitter. The toxin acts pre- 
synaptically, unlike strychnine which acts post- 
synaplically. The abolition of spinal inhibition 
causes uncontrolled spread of impulses initiated 
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anywhere in the central nervous system. This 
results in muscle rigidity and spasms due to the 
simultaneous contraction' of agonists and 
antagonists, in the absence of reciprocal inhibi- 
tion. The convulsion pattern is determined by the 
most powerful muscles at a given joint, and in 
most animals is characterised by tonic extension 
of the body and of all limbs. 

The toxicity of tetanospasmin is influenced by 
the route by which it is administered. Given 
orally, it is destroyed by the digestive enzymes 
and is without effect. Subcutaneous, intramuscu- 
lar and intravenous injections are equally effec- 
tive. Intraneural injections are more lethal and 
injections directly into the central nervous system 
very much more so. The route of administration 
also modifies the clinical picture. Experimental 
tetanus may, accordingly, be of the local', •as- 
cending’ or •descending' variety. These differ- 
ences are related to the manner in which the toxin 
reaches and is disseminated in the central nerv- 
ous s> stem. 

When the toxin is inoculated intramuscularly in 
one of the hindlimbs. tonic spasms of the muscles 
of the inoculated limb appear first. This is known 
as local tetanus and is due to the toxin acting on 
the segment of the spinal cord containing the 
motor neurons of the nerves supplying the inocu- 
lated area. Subsequent spread of the toxin up the 
spinal cord causes ‘ascending tetanus' The oppo- 
site hindlimb. trunk and forehmbs are involved in 
an ascending fashion. If the toxin is injected 
intravenously, spasticity develops first in the 
muscles of the head and neck and then spreads 
downwards — “descending tetanus*. This type 
resembles the naturally occurring tetanus in man. 

TETANUS 

Tetanus results from the infection of a wound or 
raw surface with the tetanus bacillus or, more 
rarely, from the parenteral injection of contami- 
nated substances and is characterised by tonic 
muscular spasms, usually commencing at the site 
of infection and in all but the mildest cases 
becoming generalised involving the whole of the 


somatic muscular system. Most frequently, the 
disease follows injury, which may even be too tri- 
vial to be noticed. Puncture wounds are particu- 
larly vulnerable as they favour the growth of the 
anaerobic bacillus. Rarely, it may follow surgical 
operations, usually due to lapses in asepsis. Some- 
times the disease may be due to local suppura- 
tion, such as otitis media (otogenic tetanus). 
Tetanus is an important complication of septic 
abortion. It may be caused by dirty practices, 
such as application of cow dung on the umbiical 
stump or rituals such as earboring or circumcision 
by unhygienic techniques. Tetanus may also be 
caused by unsterile injections. 

Mere contamination of a wound with tetanus 
spores does not inevitably lead to tetanus Unless 
anaerobic conditions are available, the spores 
remain dormant. Destruction and necrosis of tis- 
sue. lack of drainage in the area, presence of 
extraneous matter, especially of soil, infection 
with other bacteria, all favour development of 
tetanus. Spores may sometimes remain dormant 
at the site of lodgement for a Jong time and sud- 
denly erupt into activity either at the original or at 
another site when conditions become favourable. 

The incubation period is variable — from two 
days to several weeks, but is commonly 6-12 
days. This is influenced by several factors, such as 
the site and nature of the wound, the dose and 
toxigcnicity of the contaminating organism and 
the immune status of the patient. The incubation 
period is of prognostic significance — the prog- 
nosis being grave when it is short. Of similar sig- 
nificance is the interval between the first symp- 
tom of the disease, usually trismus, and the onset 
of spasms (period of onset) . 

Tetanus was a serious disease with a high rate 
of mortality, 80-90 per cent, before specific treat- 
ment became available. Even with proper treat- 
ment the case fatality rate vanes from 15-50 per 
cent. Tetanus neonatorum and uterine tetanus 
have very high fatality rates (70-100 per cent), 
while otogenic tetanus is much less fatal . 

Tetanus is more common in the developing 
countries, where the climate is warm, and in rural 
areas where the soil is fertile and highly culli- 
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vated, where human and animal populations are 
substantial and live in close association and 
where unhygienic practices are common and 
medical facilities poor. In rural India, tetanus is 
estimated to be the fourth commonest cause of 
death. In some reports from India, as many as 
half the tetanus cases are of tetanus neonatorum. 
The situation calls for mass immunisation, espe- 
cially of pregnant women . 

Laboratory diagnosis : The diagnosis of tetanus 
should always be made on clinical ground. Lab- 
oratory tests only help in confirmation. Not 
infrequently, it may not be possible to establish a 
laboratory diagnosis at all. 

Laboratory diagnosis may be made by demon- 
stration of Cl. tetani by microscopy, culture or by 
animal inoculation. Microscopy is unreliable and 
the demonstration of the typical ‘drumstick’ 
bacilli in wounds in itself is not diagnostic of 
tetanus. The bacilli may be present in some 
wounds without tetanus developing. It may not 
also be possible to distinguish by microscopy bet- 
ween Cl. tetani and morphologically similar 
bacilli such as Cl. tetanomorphum and Cl. sphe- 
noides. Diagnosis by culture is more dependable. 
Isolation is more likely from excised bits of tissue 
from the necrotic depths of wounds than from 
wound swabs. The material is inoculated on one 
half of a blood agar plate. Cl. tetani produces 
swarming growth which may be detected on the 
opposite half of the plate after 1-2 days incuba- 
tion anaerobically. The material is also inocu- 
lated into three tubes of cooked meat broth, one 
of which is heated to 80°C for 15 minutes , the se- 
cond for five minutes and the third left unheated. 
The purpose of heating for different periods is to 
kill vegetative bacteria, while leaving undamaged 
tetanus spores, which vary widely in heat resis- 
tance. The cooked meat tubes are incubated at 
37°C and subcultured on one half of blood agar 
plates daily for up to four days. Cl. tetani may be 
isolated in pure culture by subculturing from the 
swarming edge of the growth. The incorporation 
of polymyxin B, to which clostridia are resistant, 
makes the medium more selective. 


For identification and toxigenicity testing, 
Lowbury and Lilly advocated the use of horse 
blood agar plates (with 4% agar to inhibit swarm- 
ing), having tetanus antitoxin (1500 units per ml) 
spread over one half of the plate, the suspected 
Cl. tetani culture is stab-inoculated on each 
half of the plate, which is then incubated 
anaerobically for two days. Toxigenic Cl. tetani 
strains show haemolysis around the colonies only 
on the half without the antitoxin. Lysis is inhi- 
bited by the antitoxin on the other half. This may 
help in identification of the culture as Cl. tetani, 
but is unreliable as a test of toxigenicity since it 
indicates the production only of tetanolysin and 
not necessarily of tetanospasmin, which is the 
pathogenic toxin. 

Toxigenicity is best tested in animals. A two- 
to-four-day-old cooked meat culture (0.2 ml) is 
inoculated into the root of the tail of a mouse. A 
second mouse that has received tetanus antitoxin 
( 1000 units) an hour earlier serves as the control. 
Symptoms develop in the test animal in 12-24 
hours, beginning with stiffness of the tail. Rigid- 
ity proceeds to the leg on the inoculated side, the 
opposite leg, trunk and forelimbs in that order. 
The animal dies within two days, but may be killed 
earlier as the appearance of ascending tetanus is 
diagnostic. 

Prophylaxis : Tetanus is a preventive disease. As 
the spores are ubiquitous, wound contamination 
is unavoidable. The disease is due to the action of 
the toxin and, hence, the obvious and most 
dependable method of prevention is to build up 
antitoxic immunity by active immunisation. 

The nature of prophylaxis depends largely on 
the type of wound and the immune status of the 
patient. The available methods of prophylaxis 
are 1) surgical attention, 2) antibiotics, and 3) 
immunisation — passive, active or combined. 

Surgical prophylaxis aims at removal of foreign 
bodies, necrotic tissue and blood clots, in order 
that an anaerobic environment favourable for the 
tetanus bacillus is not provided. The extent of 
surgical treatment may vary from simple cleans- • 
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ing to radical excision, depending on the type of 
wound. 

Antibiotic prophylaxis aims at destroying or 
inhibiting tetanus bacilli and pyogenic bacteria in 
wounds so that the production. of toxin is prc- 
vented. In experimentally infected animals, 
tetanus can be prevented by antibiotics when 
administered four hours after infection, but not 
after eight hours. This emphasises the need for 
prompt administration of antibiotics. Penicillin 
(given as daily injections or as long-acting prep- 
aration) or oral tetracycline may be given till 
healing is established. Bacitracin or neomycin 
may be applied locally also. Antibiotics have no 
action on the toxin. Hence, antibiotic prophylaxis 
does not replace immunisation, but serves as a 
useful adjunct. 

Passne immunisation with tetanus antitoxin (an- 
1 1 tetanus serum, ATS), prepared by immunisa- 
tion of horses, has proved effective in preventing 
tetanus. The recommended dose is 1500 Interna- 
tional Units administered subcutaneously or 
intramuscularly as early as possible after wound- 
ing. The prophylactic value of ATS was clearly 
established in wounded soldiers during the 1914-18 
war. Not only did ATS bring about a marked 
reduction in the incidence of tetanus, but when it 
did not prevent the development of tetanus, it 
lengthened the incubation period and diminished 
the fatality. 

ATS carries two disadvantages implicit in the 
use of any heterologous serum — 'immune elimi- 
nation’ and hypersensitivity. The half-life of ATS 
in man is normally about seven days, but in persons 
who have had prior injections ot horse serum, it is 
eliminated much quicker by combination with 
preexisting antibodies. Prior sensitisation also 
leads to hypersensitivity reactions which, may 
range from mild local reactions to scrum sick- 
ness, and even fatal anaphylaxis. It is, therefore, 
obligatory that a test for hypersensitivity should 
invariably be made before administration of 
ATS The intradermal test for hypersensitivity, 
which is in common use, has been reported to be 


unreliable. A ‘trial’ dose given subcutaneously 
would be a better index of hypersensitivity. A 
dose of 0.05 m! of ATS is given subcutaneously 
and the patient observed for at least half an hour 
for genera! reactions. As even this dose may pre- 
cipitate anaphylaxis in some cases, a syringe 
loaded with adrenaline (1/1000) should invari- 
ably be kept ready. In persons with a history of 
any allergy, the trial dose should be 0.05 ml of a 
I/10dilution of ATS. 

Bovine and Dvine ATS were introduced to 
overcome reactions to horse serum, but these in 
turn can also produce hypersensitivity. Passive 
immunity without risk of hypersensitivity can be 
obtained by the use of human antitetanus 
immunoglobulin (ATG), This is effective in 
smaller doses (250 units) and has a longer half-life 
(3-5 weeks). As ATG is prepared by immunisa- 
tion of human volunteers, its availability will be 
limited. 

It has to be remembered that passive immuni- 
sation is an emergency procedure to be used only 
once. The practice of persons receiving ATS 
every time they arc wounded is not only useless 
and wasteful, but also positively dangerous. In 
some countries with a low incidence of tetanus, 
heterologous ATS is not recommended at 
all, tetanus being attempted to be controlled 
by active immunisation, with human ATG being 
reserved for emergency use in the non- 
immune. 

Actn e immimhation is not only the most effective 
method of prophylaxis, but also the only means 
whereby tetanus following unnoticed injuries can 
be prevented. This is achieved by spaced injec- 
tions of formol toxoid, which is available either as 
•plain toxoid, or adsorbed on aluminium hyd- 
roxide or phosphate. The Adsorbed toxoid is a 
better antigen. Tetanus toxoid is given cither 
alone or along with diphtheria toxoid and pertus- 
sis vaccine as ‘triple vaccine', in which pertussis 
vaccine acts as an adjuvant. A course of immuni- 
sation consists of three doses of tetanus toxoid 
given intramuscularly, with an Interval of 4-6 weeks 
between the first two injections and 6-12 months 



CLOSTRIDIUM 


251 


between the second and third injections. A full 
course of immunisation confers immunity for a 
period of at least ten years. A ‘booster dose* of 
toxoid is recommended after ten years. ATS 
should not be given to an immunised individual. 
Instead, a booster dose of toxoid is given if 
wounding occurs three years or more after the full 
course of immunisation. Too frequent injection 
of toxoid should be avoided lest hypersensitivity 
reactions develop. 

In World War II, only 12 cases of tetanus 
occurred in 2,734,819 hospital admissions for 
wounds or injuries in the American soldiers who 
had been previously immunised. 

Combined immunisation consists of administer- 
ing to a nonimmune person ATS in one site, along 
with the first dose of toxoid at another site, fol- 
lowed by the second and third doses of toxoid at 
appropriate intervals. It is important to use 
adsorbed toxoid as the immune response to plain 
toxoid may be interfered with by ATS. Ideally, 
combined immunisation should be routinely per- 
formed instead of passive immunisation alone. 
This obviates the need for further ATS if the per- 
son gets wounded again. 

Table 28.3 shows the recommended integrated 
prophylaxis of tetanus following injury. 

Treatment: Tetanus patients should be treated in 
hospitals, preferably in special units. The reason 
for isolating them is to protect them from noise 
and light which may provoke convulsions. But, 
because they are isolated, there is a common 
impression that they are highly infectious. This is 
not true. Tetanus patients are hardly ever infecti- 
ous. and person to person transmission does not 
occur at all. 

Treatment consists of ensuring quiet, control- 
ling spasms, maintaining airway by tracheostomy 
with intermittent positive pressure respiration 
and attention to feeding. ATS used to be given 
intravenously in massive doses as part of the 
treatment. Doubts have been expressed recently 
on the therapeutic value of antitoxin, as once 
tetanus is established the antitoxin is unable to 


neutralise the toxin already fixed to the nervous 
tissue. On the other hand, the antitoxin is able to 
neutralise unbound toxin and any further toxin 
that may be produced. Several controlled trials 
have been undertaken to assess the value of 
antitoxin and the optimum dose. The results indi- 
cate that ATS is of value in treatment, but that 
10,000 1.U. intravenously gives as good results as 
much higher doses. 

Patients recovering from tetanus should 
receive a full course of active immunisation, as an 
attack of the disease does not confer immunity. 
Second attacks of tetanus have been recognised 
and when this occurs, therapeutic ATS may not 
be applicable due to prior sensitisation. 

CLOSTRIDIUM BOTULINUM 

Cl. botulinurn causes botulism, a severe form of 
food poisoning. The name botulism is derived 
from sausage (botulus, Latin for sausage), an 
article of food that used to be associated with this 
type of food poisoning. Cl. botulinurn was first 
isolated by van Ermengem (1896) from a piece of 
ham that caused an outbreak of botulism. The 
bacillus is a widely distributed saprophyte, occur- 
ring in virgin soil, vegetables, hay, silage, animal 
manure and sea mud. 

Morphology: It is a Gram positive bacillus about 
5p x ljx, noncapsulated, motile by peritrichate 
flagella, producing subterminal, oval, bulging 
spores. 

Cultural characteristics: It is a strict anaerobe. 
Optimum temperature is 35 a C, but some strains 
may grow even at 1 0 -5°C. Good growth occurs on 
ordinary media. Surface colonies are large, 
irregular, semitransparent, with fimbriate bor- 
der. Biochemical reactions vary in different 
types. Spores are produced consistently when 
grown in alkaline glucose gelatin media at 2(TC to 
25®C. They are not usually produced at higher 
temperatures. 

Resistance: Spores arc highly resistant, surviving 
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• • ' TABLE 28.3 

Tetanus prophylaxis in the wounded 



> • Immune status of the person 

Nature of nound 

Immune 

Partially 

immune 

Non- 

immune 

Clean (wound toilet per- 
formed within 6 hours) 

Toxoid x 1 

Toxoid xl . 

Toxoid x 3 

Contaminated (soil or i 
other foreign or necrotic 
material present) 

Toxoid x 1 

, Toxoid x 1 

Toxoid x 3 

Infected 

Toxoid x 1 

ATS 

Antibiotics 
Toxoid x 1 

ATS 

Antibiotics 
Toxoid x 3 


Antibiotics 

ATS 

ATS 



Antibiotics 

Antibiotics 


Note • Immune — Patient has had a full course of three injections 
of toxoid. 

Partially jmmune— Patient has had two injections of toxoid. 
Nonimmunc— Patient has had one or no injection of toxoid, 
or immunisation status is not known. 


several hours at 100°C and for upto 20 minutes at 
120*0. Spores of nonproteoly tic types of B . E and 
F are much less resistant to heat. 

Classification • Eight types of Cl. botuUnum have 
been identified {Types A to H), based on the 
immunological difference in the toxins produced 
by them. The toxins produced by the different 
types are identical in their pharmacological acti- 
vity, but ore neutralised only by the homologous 
antiserum. Until recently, it was believed that 
any individual strain produced only one type of 
toxin but a strain has been isolated which pro- 
duces both A and F toxins. 

Toxin: Cl botuUnum produces a powerful exo- 
toxin that is responsible for its pathogenicity. The 
toxin differs from other exotoxtns in that it is not 
released dunngthe life of the organism. It is pro - 
d uced intracellularly and appears in the medium 
only on~the death arid aulolysis of the cell. I t is 
belies ed to be synthesised initially as a nontoxic 


protoxin or progenitor toxin. Trypsin and other 
proteolytic enzymes activate progenitor toxin to 
active toxin. . t 

The toxin has been isolated as a pure crystal- 
line protein, which is probably the most toxic sub- 
stancc known. It has a M.VV. 70.000 and a lethal 
dose for mice of 0.000,000.033 mg. The lethal 
dose for humans is probably 1-2 pg. It is a 
neurotoxin and acts slowly, taking several hours 
to hill. 

The toxin is relatively stable, being inactivated 
only after 30-40 minutes at 80°C and 10 minutes at 
1(XPC. Food suspected to be contaminated with 
botuUnum toxin can be rendered completely safe 
by pressure cooking or boiling for 20 minutes. It 
resists digestion and, is absorbed , through the 
small intestines in an active form. It acts b) block- 
ing the production or release of ac etylcholin e at 
sj n apses and neuromuscular junction s. This 
leads to diplopia, dysphagia, respiratory paralysis 
and other motor paralysis. Death occurs due to 
respiratoryfailure, , . , 
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Botulinum toxin can be toxoided, It is specifi 
cally neutralised by its antitoxin and is a good 
antigen. The toxins produced by the different 
types of Cl. botulinum appear to be identical, 
except for immunological differences. Toxin 
production appears to be determined by the 
presence ] of bacteriophages, at least in types C 
andD. 

Pathogenicity : Cl. botulinum is noninvasive and 
virtually noninfectious. Its pathogenicity is due to 
the action of its toxin, the manifestations of which 
are collectively called botulism. Botulism is of 
three types — foodbome, wound, and infant. 

Foodborne botulism is due to the ingestion of pre- 
formed toxin. The types of the bacillus and the 
nature of the food responsible vary in different 
regions. &uman disease is usually caused by 
types A, B, E and very rarely F. Types C and D 
are usually associated with outbreaks in cattle 
and wild fowl. Type G, isolated from soil in 
Argentina, has not yet been associated with dis- 
ease. The source of botulism is usually preserved 
food — meat and meat products in Europe, can- 
ned vegetables in America and fish in Japan. 
Type E is associated with fish and other seafoods. 
The food responsible for botulism usually 
exhibits signs of spoilage, and cans are often 
inflated and show bubbles on opening, though at 
times the food may look normal. 

Symptoms begin usually 12-36 hours after 
ingestion of the food. Vomiting, thirst, constipa- 
tion, ocular pareses, difficulty in swallowing, 
speaking and breathing constitute the common 
features. Coma or delirium may supervene. 
Death is due to respiratory failure and occurs 1-7 
days after onset. Case fatality varies from 25-70 
percent. 

Wound botulism is a very rare condition resulting 
from wound infection with Cl. botulinum . Bet- 
ween 1943 and 1974, fifteen cases were reported 
in the United States, four of them fatal. Toxin is 
produced at the site of infection and is absorbed. 
The symptoms arc those of foodbome botulism 


except for the gastrointestinal components which 
are absent. Type A has been responsible for most 
of the cases studied. 

Infant botulism was recognised as a clinical entity 
in 1976. This is a toxico-infection. Cl. botulinum 
spores are ingested in food, get established in the 
gut and there produce the toxin. Cases occur in 
infants below sue months. Older children and 
adults are not susceptible. The manifestations are 
constipation after a period of normal develop- 
ment, poor feeding, lethargy, weakness, pooled 
oral secretions, weak or altered cry, floppiness 
and loss of head control. Patients excrete toxin 
and spores in their faeces. Toxin is generally not 
demonstrable in blood. Management consists of 
supportive care and assisted feeding. Antitoxins 
and antibiotics are not indicated. Degrees of sev- 
erity vary from very mild illness to fatal disease. 
Some cases of sudden infant death syndrome 
have been found to be due to infant botulism. 
Honey has been incriminated as the likely food 
item through which the bacillus enters the gut. 

Laboratory diagnosis : Diagnosis may be con- 
firmed by demonstration of the bacillus or the 
toxin in food or faeces. Gram positive sporing 
bacilli may be demonstrable in smears made from 
food. Cl. botulinum may be isolated from the 
food or the patient’s faeces. The food is macerated 
in sterile saline, and the filtrate inoculated into 
mice or guinea pigs intraperitoneally. Control 
animals protected by polyvalent antitoxin remain 
healthy. Typing is done by passive protection 
with type specific antitoxin. The toxin may occa- 
sionally be demonstrable in the patient's blood, 
or in the liver, post mortem . 

A retrospective diagnosis may be made by 
detection of antitoxin in the patient’s serum, but 
it may not be detectable in all cases. 

Control : As most cases of botulism follow con- 
sumption of inadequately canned or- preserved 
food, control can be achieved by proper canning 
and preservation. When an outbreak occurs, a 
prophylactic dose of antitoxin should be given 
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intramuscularly to all who consumed the article 
of food. 

Active immunisation has been shown to be 
effective. If immunisation is needed, as in 
laboratory workers exposed to the risk , two injec- 
tions of aluminium sulphate adsorbed toxoid may 
be given at an interval of ten weeks, followed by a 
booster a year later. Antitoxin may be tried for 
treatment. Polyvalent antiserum to types A. B 
and E may be administered as soon as a clinical 
diagnosis is made. Supportive therapy with 
maintenance of respiration is of equal or greater 
importance. In addition, a combination of 
guanidine hydrochloride and germine monoacc- 
tate may be administered bearing in mind their 
potential toxicity and side effects 

CLOSTRIDIUM DIFFICILE AND 
ANTIBIOTIC-ASSOCIATED COLITIS 

Cl difficile was first isolated in 1935 from the 
faeces of newborn infants. It was so named 
because of the unusual difficulty in isolating tt It 
is a long, slender, Gram positive bacillus with a 
pronounced tendency to lose its Gram reaction. 
Spores are large, oval and subtcrminal. It is non- 


haemolytic, nonproicolyticand wcaklysaccharo- 
lytic. It \va* not considered pathogenic till 1977, 
when it was found to be responsible for antibiotic 
associated colitis. 

Acute colitis, with or without membrane tor* 
mation, is an important complication of oral 
antibiotic therapy. Many antibiotics have been 
incriminated including ampiciltin, tetracycline 
and chloramphenicol, but lincomycin and clin- 
damycin are particularly prone to cause pseudo- 
membranous colitis. 

It has now been shown that antibiotic-associated 
colitis is due to the active multiplication of Cl. dif- 
ficile and the production by it of an enterotoxin. 
Diagnosis can be made by demonstrating the 
toxin in the faeces of patients by its characteristic 
effect of Hep-2 and human diploid cell cultures. 
The toxin is specifically neutralised by Cl. sordelli 
antitoxin. Cl difficile can also be grown from the 
faeces of patients. 

Cl difficle strains are generally resistant to most 
antibiotics, but are susceptible to Vancomvcin, 
which has been very successful in the treatment of 
antibiotic-associated colitis. Metronidazole has 
also been found useful. 
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Nonsporing anaerobes 


Anaerobic bacteria have been known since the 
original observation of Pasteur that bacteria pro- 
ducing butyric acid, his Vibrion butyrique, were 
rendered nonmotile on exposure to air. Though 
many anaerobic bacteria may be pathogenic for 
man, they are generally neglected in diagnostic 
laboratories. This neglect is not because they are 
uncommon. Indeed, they outnumber aerobic 
bacteria in many habitats, including most sites of 
the human or animal body. Even in such seem- 
ingly aerobic situations as the mouth and the 
skin, anaerobic bacteria are ten to thirty times 
more frequent than aerobes. In the human intes- 
tines, they outnumber aerobic bacteria a thousand- 
fold. The numbers of anaerobes present have 
been estimated to be 10 4 to 10-Vml in the Small 
intestine, lOVml in saliva and 10* Vg in colon. 

Anaerobic bacteria differ widely in the degree 
of anaerobiosis required for their growth. Some 
species fail to grow if the atmosphere contains as 
little as 0.03 per cent oxygen, while at the other 
extreme, some are aerotolerant and may grow 
sparsely on the surface of aerobic plates. Con- 
sequently the techniques employed for the prop- 
agation and study of anaerobes would vary in 
complexity. The classification of anaerobes is 
based on morphology and staining characters, 
biochemical reactions, antibiotic susceptibility 
patterns and metabolic products. Anaerobic bac- 
teria form certain volatile fatty acids as metabolic 
products. These arc characteristic for different 
species and can be detected by gas liquid chro- 
matography. Examination of pus by gas liquid 
chromatography gives a presumptive indication 
of the types of anaerobes present. 


The classification of anaerobic bacteria is 
unsettled, different systems and nomenclature 
being employed by different authorities. A broad 
and simple classification based on their morpho 
logy and staining properties is as follows: 

I Cocci 

A. Gram positive 1 Peptococcus 

2 Peptostreptococcm 

3 Sarcina 

B. Gram negative 1 VeiUonella 

II ffflciY/i-Endospore-forming-Cfosrrirfmm 

Nonsporing 

A. Gram positive 1 Lactobacillus 

2 Bifidobacterium 

3 Propionibacterium 

4 Actinomyces 

B. Gram negative 1 Bacteroides 

2 Fusobacterium 

3 Dialister 

4 Sphaer op floras^ 

III Spirochaetes 1 Treponema 

2 Borrelia 

Besides the medically important species listed 
above, there are several anaerobes that occur in 
soil and water and which may be of industrial and 
agricultural importance (e.g. Mcthanobactcria, 
Butyrivibrios). 

Anaerobic cocci 

Veillon (19S3) isolated a strictly anaerobic coccus 
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from cases of bartholinitis and perinephric 
abscess. As the cultures produced a foul odour, 
the isolate was named Micrococcus foetidus. 
Anaerobic cocci occurring mainly in chains were 
isolated soon afterwards by other workers from 
the normal vagina and from cases of puerperal 
sepsis. The importance of anaerobic streptococci 
in puerperal sepsis and septicaemia was recog- 
nised by Schottmuellcr who named the causative 
organism Sir, putridus . 

Anaerobic cocci represent a heterogeneous 
collection of bacteria for which a satisfactory sys- 
tem of classification and nomenclature has not 
been devised Prevot, who presented the Hist sys- 
tematic classification, proposed two families. Neis- 
seriaceae and Micrococcaceae to include the 
Gram negative and Gram positive cocci, respec- 
tively, which were further divided into three 
tnbes, 10 genera and 41 species. Hare and col- 
leagues classified them into nine groups, Group I 
representing Str. putridus and Group V Veil- 
lonella. In Bergcy’s Manual (8th Edition), the 
classification is based on Gram reaction and 
arrangement of the cocci. They are classified into 
Peptococcus, Peptostreptococcus, Sarcina and 
VeiUonetta. 

Peptococci are Gram positive anaerobic cocci 
that do not form chains. They are small spherical 
cells, 0.5-1 p. in size, arranged singly, in pairs or 
irregular masses, resembling staphylococci. They 
are coagulase negative. They utilise protein 
decomposition products like peptone and amino- 
acids Carbohydrates are not required for 
growth. 

Peptostreptococci are small Gram positive 
cells, 0.3-1 ji in size, arranged m chains. Carbo- 
hydrates are fermented with the production of 
acid, gas or both .The commonest anaerobic coc- 
cus isolated from clinical materials is Peptostrep- 
tococcus putridus (P. anaerobius). 

Sarcina are large, spherical. Gram positive 
ceils, about 2-3 p. in size, occurring in packets of 
eight or more .Though the original species S. sen- 
tricuh was isolated from the stomach of a patient 
with gastric disease, sarcinae are nonpathogenic 
and are normally found in soil. 


Veillonellae are Gram negative, small cells, 0.3- 
0.5 (i in size, occurring as diplococci, masses or 
short chains. Their pathogenic status is doubtful. 

Anaerobic cocci are normal inhabitants of the 
vagina, intestines and mouth. Peptococci and pep- 
tostrcptococci are potential pathogens, causing 
pyogenic infections in different sites in the body. 
They have been' isolated from puerperal sepsis, 
wound infections, gangrenous appendicitis, uri- 
nary tract infections, osteomyelitis and abscesses 
in the brain, lungs and other internal organs. 

P. putridus is the commonest agent of post- 
partum and postabortal infections today. Such 
infections are endogenous and are not transmit- 
ted from case to case as were the epidemics of 
puerperal sepsis caused by Str. pyogenes in 
former days. 

Anaerobic cocci are frequently associated with 
dostridia in wound infections and anaerobic cel- 
lulitis. Anaerobic streptococci are sometimes iso- 
lated in pure culture from sexually acquired sup- 
purative balanitis. In suppurative lesions, such as 
brain abscess, very large number? of the cocci are 
present in the pus, so that examination of the 
Gram stained films of the pus may indicate the 
aetiology. Anaerobic cocci are sensitive to 
penicillin, tetracyclines and chloramphenicol and 
resistant to streptomycin and polymyxin. 

Anaerobic Gram negative bacilli 

A simple classification of this group was adopted 
in the 7th edition of Bergcy’s Manual. They were 
grouped in the family Bactcroidaceae and clas- 
sified into four genera: 1) Bacteroides, bacilli with 
rounded ends, 2) Fttsobacterium, bacilli with 
pointed ends, 3) Dialistcr, minute bacilli, and 
4) Sphaerophorus, markedly pleomorphic cells. 

Bacteroides are normal inhabitants of the 
upper respiratory, intestinal and female genital 
tracts. Normal stools contain 10 11 organisms per 
gram. The most common are B. fragihs group 
(five species) isolated particularly from the large 
intestine, B. melaninogenicus (seven species) iso- 
lated particularly from the oropharynx, gut and 
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vagina, B: bivius and B. disiens occurring in the 
female genital tract. 

These are nonsporing, nonmotile, strict 
anaerobes, usually Gram negative and very 
pleomorphic, appearing as slender rods, branch- 
ing forms or round bodies. They grow very rea- 
dily in media such as brain-heart infusion agar in 
an atmosphere containing 10% carbon dioxide. 
They possess capsular polysaccharides which are 
their virulence factors, and antibodies to them 
can be detected in patients. 

Bacteroides are found in abdominal and brain 
abscesses and in empyema. They cause suppura- 
tion in surgical infections such as peritonitis fol- 
lowing bowel injury and pelvic inflammatory dis- 
ease (PID). Pus is often foul smelling. Bacteraemia 
is common and endocarditis may develop. In 
these infections other anaerobic organisms such 
as Peptostreptococcus, Peptococcus, Clostridia, 
Fusifomxis as well as Gram positive and Gram 
negative facultative anaerobes that are often part 
of the normal flora are often associated. 

The genus Bacteroides contains several well 
defined species B. fragilis is probably the most 
frequent among nonsporing anaerobes isolated 
from clinical specimens. It is often isolated from 
blood, pleural and peritoneal fluid, CSF, brain 
abscess, 'wounds and urogenital infections. 
B. ntelaninagerticus is easy to recognise because 
of the black or brown colour of the colonies. The 
colour is not caused by a melanin pigment, as was 
once thought, but is due to a haemin derivative. It 
has been isolated from various mixed infections, 
including lung or liver abscess, mastoiditis, intes- 
tinal lesions of various types and lesions of the 
mouth and gums. Cultures of B. melaninogenicus 
and even dressings from wounds infected with the 
bacillus give a characteristic red fluorescence 
when exposed to ultraviolet light. 

F. fusiformis has been frequently isolated from 
blood, CSF, bone marrow and abscesses in inter- 
nal organs. F. gyrans is characterised by a gyra- 
tory or spinning type of motion. It has been iso- 
lated from wound infections and peritoneal 
abscess. Sphaerophonts necorphonis is very 


pleomorphic bacillus. It has been divided into 
two types based on colony and cell morphology, 
biochemical reactions and toxin production. 
Type A strains are more pathogenic and have 
been isolated from man, rabbits and cattle. 

Differentiation between fusobacreria and 
sphaerophora is often difficult and it has been 
suggested that they be considered as a single 
genus Fusobacterium. , 

Dialister pneumosintes is a minute. Gram nega- 
tive rod, first isolated from the nasal washings of 
influenza patients. It is a normal inhabitant of the 
nasopharynx. It is so small (0.1-0.3p) that it can 
pass through Berkfeld V and N filters. It has been 
isolated from brain abscess and meningitis. 

Anaerobic Gram negative bacilli are usually 
sensitive to pencillin. tetracycline and chloram- 
phenicol and resistant to streptomycin, kanamy- 
rin and oleandomycin. B. fragilis is more resis- 
tant than other species. 

Anaerobic Gram positive bacilli 

Lactobacilli are Gram positive rods that fre- 
quently show bipolar and barred staining 
resembling corynebactena. Most strains are non- 
motile. They form considerable amounts of lactic 
acid from carbohydrates, are aciduric and grow 
best at a pH of 5 or less. Some species have strict 
growth requirements and are used for the micro- 
biological assay of the growth factors (e.g. , L. lei- 
chmannii used for the assay of vitamin B 12 ). 

Lactobacilli are normally present in the mouth 
They have been incriminated in the pathogenesis 
of dental caries. The mineral components of 
enamel and dentine are believed to be dissolved 
by the acid formed by the fermentation of sucrose 
and other dietary carbohydrates. 

Several species of factobacilfi are present in the 
intestine, the commonest being L. acidophilus. 
Intestinal lactobacitli are beneficial in synthesis- 
ing vitamins such as biotin, vitamin B 12 and vita- 
min K, which may be absorbed by the host. 

Lactobacilli constitute the predominant bacte- 
rial flora of the adult vagina. They ferment the 
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glycogen deposited in the vaginal epithelial cells, 
forming lactic acid, which accounts for the highly 
acid pH of the vagina. Lactobacilli of several 
species occur in the vagina and are collectively 
known as the ‘Doderlein’s bacillus’. In prepubertal 
and postmenopausal vagina, lactobacilli are scanty. 

Bifidobacteria arc related to lactobacilli and 
coryncbacteria. The name is derived from the 
frequent bifid Y-shaped cells. They are normal 
intestinal commensals and arc occasionally 
pathogenic. 

Propionibacteria are related to corynebacteria 
and consist of the organisms usually labelled 
'anaerobic diptberoids'. The commonest speoes 
met with in the clinical laboratory is P. acnes 
( Corynebactcrium acnes). This is a ubiquitous 
commensal found abundantly on the normal 
skin. Its pathogenic role is not definite. It is regu- 
larly found in acne and was thought to be its 
causative agent and* hence the name. It has also 
been isolated from abscesses, blood and bone 
marrow. It is a common contaminant m bank 
blood The antibody to this bacillus is frequently 
found in normal human sera. 

Actinomycetes are dealt w ith in Chapter 43. 

Anaerobic Infections 

There has been a reawakening of interest in 
anaerobic infections during recent years This is 


due to the availability of improved and simplified 
techniques for the isolation and identification of 
anaerobes. 

Anaerobic infections arc usually endogenous 
and are caused by tissue invasion by bacteria nor- 
mally resident on the respective body surfaces. It 
is, therefore, necessary to know the distribution 
of anaerobes on the body surfaces. Anaerobic 
bacteria are normally present on the skin, moulb, 
nasopharynx and upper respiratory tract, intes- 
tines and vagina (Table 29.1). Anaerobic infec- 
tions generally follow some precipitating factor 
such as trauma, tissue necrosis, impaired circula- 
tion, hacmjtnmj formation or presence of 
foreign body. Diabetes, malnutrition, malig- 
nancy or prolonged treatment with aminoglyco- 
side antibiotics may act as predisposing factors 
Anaerobic infections arc typically polymicrobial, 
more than one anaerobe being responsible, 
besides aerobic bacteria. While the infection is 
usually localised, general dissemination may 
occur by bucteracmia Tabic 29,2 lists the com- 
mon sites and type of anaerobic infections and 
the bacteria responsible 

There are some clinical features which suggest 
the presence of anaerobic infection. Pus pro- 
duced by anaerobes is characteristically putrid, 
with a pervasive, nauseating odour. However, 
there may be exceptions; infections due solely to 
B. fragilis have been reported to be free of this 


TABLE 29.1 


Normal anaerobic flora of the human body 


Anaerobe 

Skin Mouth, 

Nasopharynx 

Intestine 

Vagina 

Clostridium 


44 


Actinomyces 

+ 



Bifidobacterium 

4 

44 

4 

Ptopinibacterium 

44 



Bacteroides fragitu 


44 


B. melaninogetuais 

+ + 

+ 

44 

Fusobacterta 

44 

+ 


Gram positive cocct 

++ 

44 

44 

Gram negative cocci 

44 

+ 

44 

Spirochactcs 

4 
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smell. Pronounced cellulitis is a common feature 
of anaerobic wound infections. Toxaemia and 
fever are not marked. 

Laboratory diagnosis 

As anaerobes form part of themormal flora of the 
skin and mucous surfaces, their isolation from 
specimens has to be interpreted cautiously. The 
mere presence of an anaerobe does not prove its 
causal role. Specimens should be collected in 
TAE 

Common anaerobic infectio 


such a manner as to avoid resident flora. For 
example, the sputum is unsatisfactory for culture 
from a suspected case of lung abscess; only mate- 
rial collected by aspiration would be acceptable. 

As some anaerobes die on exposure to oxygen, 
care should be exercised to minimise contact with 
air during collection, transport and handling of 
specimens. A satisfactory method of collection is 
to aspirate the specimen into an airtight syringe, 
plunge the needle into a sterile rubber cork to 
seal it and send it as such immediately to the 
E 29 2 

i and the bacteria responsible 


Site and type of infection Bacteria commonly responsible 


Central Nervous System: 

Brain abscess 
Ear, Nose, Throat. 

Chronic sinusitis, otitis media, 
mastoiditis, orbital cellulitis 
Mouth and Jaw: 

Ulcerative gingivitis (Vincent’s) 
Dental abscess, cellulitis- 
Abscess and sinus of jaw 

Respiratory. 

Aspiration pneumonia, lung 
abscess, bronchiectasis, empyema. 
Abdominal. 

Subphrenie, hepatic abscess; i 
appendicitis, peritonitis; 
ischiorectal abscess; 
wound infection after 
coto-rectal surgery. 

Female genitalia: 

Wound infection following 
genital surgery; 

Puerperal sepsis; 
tubo-ovanan abscess, 
Bartholin’s abscess 
Septic abortion 
Skin and soft tissue: 

Infected sebacious cyst 
Breast abscess, axillary abscess 

Cellulitis, diabetic ulcer, 
gangrene. 


B fragihs, Peptostreptococcus 

Fusobacteria (aerobes frequently 
responsible) 

Fusobacteria, spirochaetes 
Mouth anaerobes. 

Actinomyces, other mouth 
anaerobes. 

Fusobacteria, B. melaninogemcus , 
anaerobic cocci; B. fragihs rarely 


B. fragilis 


B. melaninogemcus, 
anaerobiccocci; B fragihs 


Genital anaerobes and Cl. welchii. 
Anaerobic cocci. 

Anaerobiccocci, B. melaninogemcus 
(Staph aureus commonest cause) 
B. fragihs and others. 
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laboratory. Pus and other fluids may be collected 
in small bottles with airtight caps and transported 
quickly, ensuring that the specimens fill the bot- 
tles completely. Swabs are generally unsatisfac- 
tory, but where they are to be used, they should 
be sent in Stuart’s transport medium. 

In the laboratory, exposure should be limited 
to the minimum. Examination of a Gram stained 
smear is useful. Pus in anaerobicinfection usually 
shows a large variety of different organisms and 
numerous pus cells. Rarely, as in brain abscess, a 
single type of organism alone may be seen. 
Examination of the specimen under ultraviolet 
light may show the bright red fluorescene of 
B. melaninogenictis. Gas liquid chromatography of 
the specimen may yield presumptive information 
on the types of anaerobes present . 

Several special media have been described for 
anaerobes, but for routine diagnostic work, 
freshly prepared blood agar with neomycin, yeast 
extract, haemin and vitamin K is adequate. 
Plates arc incubated at 37°C in an anaerobic jar. 
with 10 per cent CO 2 . The Gas-Pak system pro- 
vides a convenient method of routine anaerobic 
cultures. Plates are examined after 24 or 48 hours. 
Some anaerobes, such as fusobacteria. require 
longer periods of incubation. Parallel aerobic cul- 
tures should always be set up. This is necessary as 
a control for the growth on anaerobic plates and 
also because in most anaerobic infections aerobic 
bacteria are also involved. 

Sophisticated methods, such as the use of ‘gas- 
sed’ containers, gloved anaerobic chambers with 


continuous gas flow and prereduced, anaerobi- 
cally sterilised media, are employed for quantita- 
tive studies, but are not essential for routine diag- 
nostic practice. 

Definitive identification of the anaerobes iso- 
lated may take time and prove difficult, but it 
should be possible within two or three days to 
report on the following: 1) whether the infection 
is solely aerobic, anaerobic or mixed, 2) the iden- 
tity of the commoner anaerobes, particularly of 
B. fragilis, which is the commonest anaerobe isola- 
ted from clinical materials and the most resistant to 
antibiotics, and 3) an indication of the antimicro- 
bial agent likely to be useful. Sensitivity tests can be 
done, if desired, by the disc or dilution method. 

Treatment 

Some anaerobic infections such as Vincent's 
angina can be managed entirely by antimicrobial 
therapy, but most infections require surgical 
intervention also. Penicillin is effective against 
most anaerobes, with the notable exception of 
B. fragilis. Tetracycline and chloramphenicol have 
been used with good results, but strains resistant 
to chloramphenicol are now common. Aminogly- 
coside antibiotics, and gentamycin in particular, 
are ineffective against anaerobes. Clindamycin is 
effective, but is not commonly used at present 
because it is prone to cause pseudomembranous 
colitis. The drug of choice now is metronidazole. 
It has also been found useful as a prophylactic in 
large bowel surgery. 
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Enterobacteriaceae — *1 Coliforms: Proteus 


The predominant aerobic bacterial flora of the 
large intestines of man and animals is composed 
of nonsporing, nonacid fast. Gram negative 
bacilli. They exhibit general morphological and 
biochemical similarities and are grouped together 
in the large and complex family Enterobacteria- 
ceae. Members of this family may or may not be 
capsulated and are motile by peritrichate flagella, 
or nonmotile. They are aerobic and facultatively 
anaerobic, grow^ readily in ordinary media, fer- 
ment glucose producing acid and gas or acid only, 
reduce nitrates to nitrites and form catalase, but 
not oxidase. Within the family, they exhibit very 
wide biochemical and antigenic heterogeneity. 
Though the family is subdivided into groups or 
tribes, genera, subgenera, species and types, 
many strains are met with that possess every con- 
ceivable combination of characters and do not 
fall into any such arbitrary taxonomic category. 
The frequency of genetic mechanisms such as 
conjugation and transduction in these bacteria 
contributes to their infinite variety. Classification 
of these bacteria into well demarcated compart- 
ments, though necessary for their systematic 
study, would therefore be artificial. The classifi- 
cation of Enterobacteriaceae has been controver- 
sial, and there have been successive changes in 
their grouping and nomenclature. 

The oldest method was to classify these bac- 
teria into three groups based on their action on 
lactose: J j 

I. Lactosefermenters — e.g., Escherichia 

Klebsiella 

II. Late lactose fermenters- e.g.. Shigella sonnei 

J ' Paracolons ’ 


in. Nonlactose fermenters - e.g., Salmonella ■ 
Shigella 

This method of classification was derived from 
the use of lactose in the MacCon key's medium, 
the most popular medium for fije~~ftolation_ of 
faecal bacill i. Though taxonomically unaccepta- 
ble, this scheme had practical value in diagnostic 
bacteriology. The majority of the commensal 
intestinal bacilli are lactose fermenting. As the 
most common member of this group is the ‘colon 
bacillus’ or Escherichia colt, all .lactose ferment - 
ing enteric bacilli were called coliform bacill i. 
The major intestinal pathogens,' Salmonella and 
Shigella are nonlactose fermenters, and hence 
readily detectable by the colourless colonies they 
form on MacConkey’s medium. There remained 
a small group which showed delayed fermentation 
of lactose and with the exception of Shigella son- 
nei, they were all commensals. This heterogen- 
ous group of late lactose fermenters was called 
paracolon bac illi. 

Classification based on a single property, such 
as lactose fermentation, is contrary to modern 
taxonomical concepts. The current practice is to 
group together bacteria that possess a number of 
common morphological and biochemical properj 
ties. While the three widely used systems for the 
classification of Enterobacteriacea (Bergey’s 
manual; Kauffmann; Edwards-Ewing) feature 
certain differences, the general approach is the 
same. The family is first classified into its major 
subdivision — group or tribe. Each tribe consists 
of one or more genera and each genus, one or 
more subgenera and species. The species are clas- 
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sified into types — biotypes, serotypes, bac- 
teriophage types, colicin types 

Enterobacteriaceae 

Tribe I - EschericHeae 

Genus 1. Escherichia 

2. Edwardsiella 

3. Citrobacler 

4. Salmonella 

5. Shigella 

'Tribe II - Ktebsielleae 

Genus l. Klebsiella 

2. Enterobacter 

3. Hafnia 
4 .Serratia 

Tribe III - Proleeae 

Genus 1. Proteus 
Tribe IV - Erwimeae 
, Genus X.Erwinia 

, The genus Yersinia, including the plague bacil- 
lus, has been recently placed in the family Eritcr'o- 
bacteriaccae, but because of the special impor- 
tance of plague and its lack of similarity to •en- 
teric’ disease 14 , it is dealt with separately. The 
genus Erwnua i s not considered as it consists of 
plant pathogens and commensals of no medical 
importance. 

Table 30 1 lists the important features of the 
different genera 

ESCHERICHIA COLI 

This genus is named after Escherich who was the 
first to describe the colon bacillus under the name 
Onetmum cnli commune ( 1 885) Based on minor 
differences in biochemical characteristics, colon 
bacilli were described under various nanjes^but 
in view of the mutability ofthc biochemical prop- 
erties in this group, only one species is recognised 
in this genus — Escherichia coli. m which is further 
>ubdi\ ided into biotypes and serotypes. 

Unlike other coliforms, E. coin s a parasite liv- 
ing only in the human or animal intestine. Voiilcd 
in faeces, it remains viable in the cnvironmenl 
only for some days. Detection of E. coh in drink- 


ing water, therefore, is taken as evidence of 
recent pollution with human or animal faeces. 

Morphology 

E coli is a Gram negative straight rod, measuring 
l-3p. x 0.4-O.7p. arranged singly or in pairs. It is 
motile by peritrichate flagella, though some 
strains may be nonmotilc. Capsules and fimbriae 
arc found in some strains. Spores are not formed. 

Cultural characteristics 

It is an aerobe and a facultative anaero be. The 
temperature range i s 1Q-46°C (optimum 37° C). 
Good growth occurs o n ordinary m edia. Colonies 
are Iarge^ thick, greyish white, moi st, smooth, 
opaque or partially translucent discs. This 
description applies to the ‘smooth* (SUomi-Secn 
on fresh isolation, which is easily emulsifiable in 
saline. The ‘rough (R) forms give rise lo colonicj 
with an irregular _duU surface and are often auto- 
agglutinablc ig sulihc ThiTS^R variation occurs 
as "a result of Rep eated subcultures and is 
associated sv ithTtfe loss o f surface, antigens and. 
usually, of virul ence . Some strains may occur fiT 
the ‘ muco idlform. 

Many strains, especially those isolated from 
palhulugicalionditions. aie ha emolytic on bloo d 
agar. On MacConkcy's medium, colonies are 
b right oink du e to lactose fermentati on. Growth 
is largely inhibited on selective media such .is 
DCA or SS agar used for the isolation of saj^ 
monellae andjbigellae. In broth, growth occurs as 
general turbidity a nd a heavy deposit! which dis- 
perses completely on shaking^ ' 

Biochemical reactions 

Glucose, lactose, mannitol, maltose and many 
other sugars are fermented witli the production 
of acid and ga s. Typical drains do not fer ment 
sucrose l The four biochemical jests widely 
employed in the classification of enterobacteria 
arc the indole^ methyl red (MR), Vogcs-Pips- 
kauer (VP) and citrate utilisation tests, generally 
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referred to by the mnemonic *!MViC. E. c oli is 
indole and MR positive and VP and citrate nega- 
tive (fMViC+H ). Gelatin is not liquefied, 

H 2 S is not formed, urea is not split and growth 
does not occur in KCN medium. 

Antigenic structure 

Serotyping of E. coli is based on three antigens — 
the somatic antigen O, the capsula r antigen K 
and the flagella r antigen H } So far 164 type s of O 
antigens, 103 K antigens.and 75 f-Tanfigens have 
been recognised. The antigenic pattern of a strain 
is recorded as the number of the particular anti- 
gen it carries, as for example 01 II: K5R: H2. 

The K antigen is the 'envelope’ antigen located 
in the capsule or mi crocapsule . It encloses the 
O antigen and renders the strain magglutinablc by 


the O antiserum. It may also contribute to vit u . 
Icncc by inhibiting phagocytosis. Three kinds 0 f 
K antigens, L. A and B, have been described, 
only one of them being present on any one strain. 
The L "antigen is thermolabile and b oiling t he 
bact erial s us pension render slTa gglutina hle w ith - 
th e O antiseru m. The Vvintigen is thermostable. 

It is usually associated with a well marked cap. 
sid e, and Quellung reaction may be demonstr a . 
ted by mixing with the appropriate serum. The 
B antigen is heat labile^^Ipis medically important 
as the type of antigen found on enteropathogen ic^ 
strain s of E, coli. 

Several different serotypes of E. coli are found 
in the normal intestine. Most of them do not have 
K antigens. Of the strains that possess K antigens, 
most are of the L tvp^ The normal colon strains 
belong to the ’e arly’ O groups (1,2 , 3, 4, et c,^ 


Enterobacteria^e; Important distinguishing features of thylilTerent genera 



: 


+ d - + 
d - d - 


— - + 


. | Motility 

. _ Gas from glucose^ 

, v Acid from lactose^ 

’g' Acid from sucrose^/ 

t JtJrowth in KCN S 
Indole 

m ™ 

/ * Citrate/ 

w. r H;S * -0 

Ll/rease •' t ' - — 

CPhenylalantne deaminase (PPA)Y~ — - * — — - 

^ fSjginine dihydrolase-j ' " jO — d v+)i ~ d' 

I Lysine decarboxylase + ~ |jtl d 

v {Ornithine decarboxylase , xi + d JjtJ d — + 

Q ^ — - -n ^ ‘ ^ r ~ 

1 1 - (d — results different in different species or strains) 

Important exceptions: * 

' 1.5. typhi docs not produce gas from sugars. 

2. Sh. sonnei ferments lactose and sucrose late. 

, 3. Pr. inconstant is urease ncgatiyc^^ 


+ + 
d - 
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while the enteropathogenic strains belong to the i. Urinary tract infection: E. coli and other coli- 
‘later’ O groups (26,55,86,111, etc). forms account for the large majority of naturally 

acquired urinary tract infections. Those acquired 

Toxin production in the hospital, following instrumentation, are , 

usually caused by.’ other .bacteria such , as * 
As in the case of other Gram negative bacteria. Pseudomonas and Proteus, 

E. coli also possesses endotoxic activity associated The E. coli serotypes commonly responsible 
with the O antigen . Besides the endotoxin, some for urinary tract infections are those normally 
strains of E. coli have been found to produce two found in the fae ces, O groups 1 , 2, 4, 6, 7 etc. 
types of cxotoxins — enterototins .an d haemoly -^ Only one serotype is generally isolated from 
sins . infected urine at a time, though recurrences may 

be due to different serotypes. 

Mnierotoxins: Some strains of E. co/t.which pro- Infection may be precipitated by urinary 
duce diarrhoea/ocmjcoierotoxins. Two types of obstruction due to prostatic enlargement, calculi 
E^coli entevotoxins have been identified " h eat or pregnancy. About 5-7 per cent of pregnant 
labile and heat stable. A strain of E. coli may pro- women have been reported to have urinary infcc- 
duce^eitheroneor both types of enterotoxins. lion without any symptoms. Such asymptomatic 
Enterotoxin production is unde r„the , genetic bacterium, undetected and untreated, may lead 
control of transmissible p lasmids ( ept p las-v^to symptomatic infection later in pregnancy, 
mids). pyelon ephritis and hypertension in the woman. 

The heat lab ile toxin (LT) is a lar pejno lecular as well as to prematurity and perinatal death of 
weight (5 x flK'i protein which is inactivated by the fetus. 

heating at 60°Cin lOjpinutes. It resembles the While infections of the lower urinary tract 
cholera_ent crQtoxin antigenic all v as well as i n its seem to be ‘ascending infection’ caused by faecal 
mechanism. oiactioiurLproducing flui d accumu - coliforms, pyelonephritis is probably due to 
1 at ion in th e intestinal lumen by. stimulating the haematogenous infection. S trains carryin g 
adeny Lcycjase — cyclic adenosmejmonophos- K antigens are mo re commonly responsible fo r 
phale (c AME^system. The heat stabl e toxin (ST 1 pyelonephriti s , while mos t isolates fTom cystit is 
is a low molecul ar w eight, non antipenic toxin f acie K antigen s, 
whtch appears to stimulate fluid secr etion m the 

gut through the mediation of cyclic guanosinc 2. Diarrhoea: E. coli is the dominant member of 
monophosphate (cGMP). In the ligated ileal loop the aerobic bacterial floraof the human intestine 
ST induces fluid accumulation more rapidly than and is usually nonpathogenic in this location. But 
LT . \tarc. wt few of E. coli 'wtocV. w?. Wise 

diarrhoeal disease, particularly in infants, and 
Hacmotysins: Three types of ^haemojysins; also in older children and adults. These have 
are found to be produced^by~i.'. co m TheV been called enteropathogenic E. coli, eiiterotoxi- 
do not appear to .be re levant jnjathogene- genic E. coli, enteroinvasiv&E. coli and entero- 

sis. ^ haemorrhagic E.coh^. if 

" Enteropathogenic E. coli: Attempts to impli* 

Pathogenicity ' cate E. coh in the aetiology of diarrhoea began 

from 1885 when Escherich first isolated the bac- 
Four main types of clinical syndromes are caused terium from infantile diarrhoea. But it was dnly 
by E. coli: 1) urjfiary trjet infection, 2} diarrhoea after serotyping schemes were developed that it 
or gastroenteritis, 3) pyogenic infections, and became possible to establish a causal relationship 
4) septicaemia. ^ “ between infantile diarrhoea and £T.co// belonging 
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to some O antigen groups and carrying the B type Most strains of ETEC belong to the O sero- 
of surface (K) antigen. These were called entero - groups 6, 8, 15, 25, 27, 63, 78, 148 and 159. These 

pathogenic E. coii (EPEC). At first only a few are different from EPEC serotypes, 

serotypes (01 12:B4, 055:B5) were believed to be ETEC also possess^urface properties, called 
enteropathogenic, but the list has enlarged con- ‘colo nisation facton >rwhich promote their viru- 
siderably and currently includes at least 25 lence. Colonisation factors may be pili or special 
serotypes. Examples of enteropathogenic sero- types of protein K antigens, 

types are: 026:B6; G55:B5; 086:B7; 0lll:B4; Enteroinvasive E. coii: Some strams-of £ toft 
0112:BH; 01 14:1390; 0H9:B14; 0125:B15; isolated from stools of older children anil adults 
0126:B16;0127:B8;0128:B12. with dysentery-like disease do not produce 

While diarrhoeal disease due to EPEC has enterotoxins, but invade the intestinal epithelial 
been observed throughout the world, it has been cells as do dysentery bacilli. These have been cal- 
partinilariy important in the developed coun- led enteroinvasive E. coii (El EC). They belong 
tries. EPEC had caused several senous institu- to a limited number of O serogroups: 28ac, 
tional outbreaks of diarrhoea in babies less than 112ac, 124, 136, 143, 144, i52, 164. On instilla- 
18 months old. in Britain, Europe and North tion into the eyes of guinea pigs, EIEC caused 
America from the late 1940s to the 1960s. From ker atoconiunctivitis (the S ereny tes t). This pro- 
the 1970s. epidemic diarrhejea due to EPEC has vides a diagnostic test for EIEC. The invasion of 
become less frequent. I " He La cells in tissue culture also provides another 

The pathogenic mechanism of EPEC has only diagnostic method, 
recently been identified. The y adhere tightlv, to / EIEC strains are often atypical biochemically, 
cntero cytcs, leading to the loss of microvilli an d T Many strains ferment lactose late or not at all, 
cupping jpf enterbeyte membranes to bacte ria, j and may be anaerogenic. There is marked 
They also produce a shigella-like toxin. antigenic relationship between EIEC strains and 

’ Enterotoxigenic E. colt: l hese are the strains shigellae. Because of their biochemical and 

that form heat labile or heat stable enterotoxins antigenic resemblance to shigellae, many out- 

and produce diarrhoea. The importance of breaks due to EIEC have been mistaken for 

enterotoxigenic E. coh (ETEC) in diarrhoea has shigellosis. 

been established only in the 1970s. They are now Enterohremorrhagic E. coh: This was iden- 
known to be a major cause of diarrhoeal illness in tified only in 1983 following food borne out- 

children in the developing countries and the most breaks of haemorrhagic colitis caused by E. coii 

important cause of ‘travellers’ diarrhoea’. ( The 0157: H7. It differs from the disease caused by 

name ‘travellers’ diarrhoea’ is applied to diar- EIEC in that fever is not always present, but the 

rhoeal ill ness see n in persons Irom the d eveloped haemorrhage is marked. EHEC produces a 

countries within a few days of their visit t o one of cytotoxin which appears to be identical with 

the developing COHmfie£X*ETEC sometimes ^S fiige lla sh iga tox in. It has been called ‘Vero- 
cause a disease indistinguishable from cholera in 'troon' because of its effect on vero cells in culture, 
infants (‘cholera infantum’), young children and 

adults. 3. Pyogenic infections: E. coii may cause super- 

Nobiochemicalmarkersareavailable todistin- ficial infections' such as wound infections and 

guish ETEC strains from other E. coh, so that abscesses or deep infections such as peritonitis, 

their identification depends on the demonstra- cholecystitis and meningitis. E. coii is a common 

tion of the toxins. The methods available for the cause of meningitis in the newborn, but is much 

detection of the toxins are shown in Table 30.2: less so in older patients. , > 

Because these are specialised procedures, only 1 > , 1 

some laboratories are able to identify ETEC. “*• Septicaemia: E. coii, , other conforms and 
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TABLE 302 

Methods for detection of ETEC entcrotoxms 


Assay 

Heat labile toxin 

Heat stable toxin 

la vivo tests 

Ligated rabbit ileal loop 

Read at 6 hours 


+ 

Read at 18 hours 

+ 

- 

- Infant rabbit bowel 

+ 

+ \S | 

^Infant mouse intragastnc 

- 

+ •v' 

Adult rabbit skin 
(vascular permeability factor) 

+ 

- 

In vitro tests 

Steroid production in Y1 mouse 
adrenal cell culture 

+ 


Morphological changes in 

Chinese hamster ovary 
(CHO) cells. 

+ 


Solid phase radioimmunoassay 

+ 

, - 

(RIA) 



Enzyme-imhed immunosorbent 
assay (ELISA) 

+ 



Pseudomonas aeruginosa have replaced staphy- 
lococci as the commonest cause of septicaemia in 
many hospitals. This syndrome of Gram negative 
septicaemia consists of fever, hypotension and 
disseminated intravascular coagulation (endo- 
toxic shock). The condition usually occurs in 
patients already debilitated. Mortality is very 
high. 

Laboratory diagnosis 

/. Diarrhoea: Laboratory diagnosis of E. coti 
diarrhoea has become increasingly complex 
following the recognition of the different 
mechanisms by which the bacillus can cause the 
disease. There is no single test which can identify 
all strains of E. colt responsible for diarrhoea. 
For detection of EPEC, fresh diarrhoeal stool is 
plated directly on blood agar and MacConkey's 
medium. After overnight incubation, the E. coh 
colonies are emulsified in saline on a slide and 
tested by agglutination with polyvalent and mono- 
valent OB antisera against cnteropathogcnic 
serotypes. Growth on MacCunkey agaris usually 


satisfactory for agglutination, but autoagglutina- 
tion may occur rarely. Blood agar growth gives 
good results. The set of antisera used should 
cover all the enteropathogenic serotypes preva- 
lent locally and hence the composition of the set 
will vary from place to place. As more than one 
serotype may be present in faecal plates, it is 
essential to test at least ten isolated colonies by 
agglutination. If all of them are negative, the con- 
fluent growth should be tested before the speci- 
men is considered negative. The colony agglutinat- 
ing with enteropathogemc serum should be 
further studied by biochemical tests to establish 
identity as E.coli. / 

If OB sera are not available, agglutination rnay 
be tested with O sera using heated bacterial sus- 
pensions. But as one O group may contain sev- 
eral OB serotypes, only some of which may be 
cnteropathogcnic, final identification requires 
the determination of the B fype as well. 

In looking for specific serotypes with distinc- 
tive properties, special indicator media may be 
employed. A modified MacConkey’s medium in 
which lactose is replaced by. sorbitol has b een 
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emplo yed for the detection of serotypes 0 55:B5 -for diagnostic purposes. Instead, clean-voided, 
and 01TT:B4 as these d o not ferment sorbitol ^ midstream samples of urine are employed for cul- 
unlike most other E. coli strains. The fluorescent lure. Such specimens should, be collected car e . 
antibody techniquc has been used for the detec- fully to reduce contamination to the minimum. In 
tion of specific serotypes of E. colt m faeces. the male, it is sufficient if midstream urine is coi- 

Whilc the above procedures are necessary for lected after the prepuce is retracted and the gla^s 
the investigation of diarrhoeal outbreaks in penis cleaned with wet cotton. In the female, 
infants and children, they are not recommended anogenital toilet is more important and should 
for the laboratory diagnosis of sporadic cases of consist of careful cleaning with soap and wate r . 
diarrhoea. The actiological significance of the Nonirritant antiseptics such as chlorhexidine 
isolation of EPEC frpm sporadic cases of diar- have been recommended for vulval cleaning, 
rhoea is unclear and controversial. Agglutinating Urine should be passed keeping the labia sepa- 
scra are costly and their routine use would be rated by fingers. The first portion of urine that 
very expensive. flushes out commensal bacteria from the anterior 

The identification of ETEC presents- greater urethra is discarded. The next portion of urine 
difficulties. It is easier t o delect LT thaffS T The (midstream sample) is collected directly into a 
rabbit ileal loop test is not practicable on a large sterile wide mouthed container and transported 
scale, nor is »t always dependable. Tissue culture to the laboratory without delay. Urine is a good 
tests (mouse adrenal cells or CHO cells) are more medium for the growth of coliforms and other 
often employed. ELISA test is the simplest and is urinary pathogens, and hence delay in processing 
being increasingly used. As LT and cholera will vitiate the results of quantitative culture. If 
entcrotoxin are antigcnically similar, cholera delay of more than 1-2 hours is unavoidable, the 
antitoxin which is readily available can be used as specimen should be refrigerated, 
the test reagent for ELISA. Detection of ST ts In quantitative cultures, midstream urine sam- 
done by’the mouse intragastnc test— inoculation pies will give a biphasic distribution of colonies, 
into the stomach of newborn mice causing fluid most specimens containing either less than 10,000 
accumulation. or more than 100.000 bacteria per ml. Kass and 

The demonstration of E1EC is even more dif- other investigators have established that in th e 
ficult. Till recently, the only method available presence of active infection in the urinary tract, 
was the Sereny test. The tissue culture test (He the urine will contain 100,000 bacteria or mor e 
La cell) has now been standardised. per ml. This level is , therefore, considered to rep- 

resent ‘sigmYreant’ bacreritrrrj. Ccicmfs of iff, <30$ 
2. Urinary tract infection: Bacteriological diag- bacteria or less per ml are due to contamination 
nosis of urinary tract infection has undergone a during voiding and are of no significance. Counts 
marked change following the development by between the two levels are infrequent when th e 
Kass of the concept of ‘significant bacteriuria’. sample is collected properly and processed 
Normal urine is sterile, but during voiding may promptly. Such results should be considered 
become contaminated with genital commensals, equivocal and the culture repeated. Needless tt> 
In order to avoid such contamination, urine used say, interpretation of bacteriuria should always h> 
to be collected by catheterisation for culture, with reference to the condition of the patient. In 
Any bacterial growth from catheterised urine was ^J^ients on antibacterial or diuretic drugs and 

considered to denote infection. Even under ideal with some bacteria like Staph, aureus, even low 
conditions, catheterisation leads to urinary infec- counts may be significant, r t 

tion in at least two per cent, and when precautions . For . quantitative .culture, serial tenfold dilu% 
are inadequate, the risk is much higher. Hence tions of urine are tested by the pour plate or sur. 
catheterisation is no longer considered justifiable face culture methods. This, however, is too com- 
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plicated for routine diagnostic work, for which 
semiquantitative techniques ate more conve- 
nient. The most w idcly used technique employs a 
‘standard loop' which transfers a fixed, small vol- 
) time of urine. One toopful of urine is placed on a 
noninhibitory medium (blood agar) and another 
loopful on an indicator medium (MacConkey). 
The former medium gives a quantitative mca- 
sure ment of bacteriuria. while the latter enables a 
presumptive diagnosis of the bacterium. The iso- 
lates arc identified by their properties. 

Bacteriological investigation of urinary tract 
infection is not complete without an antibiotic 
sensitivity test of the isolate. E. coli and other 
common urinary pathogens develop drug resis- 
tance so frequently that no antibacterial therapy 
can be instituted meaningfully without testing 
individual strains. Resistance is often to multiple 
drugs and of the transferable variety. Antibiotic 
sensitivity tests may be done directly using the 
urine samples as inocula and the results con- 
firmed by repealing the test with individual iso- 
lates 

Because urinary tract infection is such a com- 
mon problem and bacteriological facilities arc 
not always available, several screening tech- 
niques have been introduced for the presumptive 
diagnosis of significant bacteriuria. These include 
the following: 1) Griess nitrite test — based on 
the absence of nitrite in normal urine. The pre- 
sence of nitrite, delectable by a simple test, indi- 
cates the presence of nitrate reducing bacteria in 
urine; 2) catalase test — The presence of 
catalase as evidenced by frothing on addition of 
hydrogen peroxide indicates bacteriuria, though 
a positive result is obtained also In hacmaturia; 
3) triphcnyltetrazolium chloride (TTC) test — 
based on the production of a pink-red precipitate 
in the reagent caused by the respiratory activity of 
growing bacteria, 4) microscopic demonstration 
of bacteria in Gram stained films of urine; 5) glu- 
cose test paper — based on the utilisation of the 
minute amounts of glucose present in normal 
urine, by bacteria causing the infection; 6) dip 
slide culture methods — agar coated slides arc 
immersed in urine or even exposed to the stream 


of urine during voiding, incubated and the 
growth estimated by colony countingor by colour 
change of indicators. None' of the screening 
methods is as sensitive or as reliable as a culture. 
The antibody coated bacteria test has been 
employed for localisation of the site of urinary 
infection. This is based on the assumption that 
bacteria coated with specific antibodies are pre- 
sent in the urine only when the kidneys are 
infected and not when the infection is confined to 
the bladder. Antibody coated bacteria ore 
delected by immunofluorescence using fluores- 
cent tagged antihuman globulin or by staphylo- 
coccal copgglutination. 

3. Pyogenic infections: The specimens to be 
tested depend on the lesion. Cultures arc made 
on MacConkey’s medium, the isolate identified 
by biochemical methods and an antibiotic sen- 
sitivity test done as a guide to treatment. 

4. Septicaemia: As for all septicaemias, diagnosis 
depends on the isolation of the bacterium by 
blood cuturc. Antibiotic sensitivity tests arc 
essential for choosing appropriate antibacterial 
therapy. 

ALKALESCENS-DISPAR GROUP 

A group of nonmotile bacilli, believed to be 
related to Shigella and associated with eases of 
dysentery were called the Alkalcsccns-Dispar 
(AD) group. Sh. alkalescent resembles Sh. flex- 
neri, except In fermenting dulcitol and in produc- 
ing alkali in litmus milk. Sh. dispar resembles 
Sh. sonnet in fermenting lactose, but is indole 
positive. An elaborate scrotyping scheme was 
worked out for the identification and classifica- 
tion of the AD group but their antigens appear to 
be identical with those of £. coli. The AD group 
is now considered to be merely nonmotile, 
nnaerognic E. coli probably EIEC. 

LOW AKOSIFLLA 

This genus contains the single species Edward- 
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siella tarda which is a noncapsulated, motile 
bacillus with weak fermentative' powers. The 
name tarda refers to its slow or weak fermenta- 
tion of sugars. Of the sugars commonly used, 
only glucose and maltose are fermented. It forms 
indole and HjS, utilises citrate and decarboxy- 
lates lysine and ornithine. 

E. tarda is probably a normal intestinal inhabi- 
tant of snakes. It has been isolated from normal 
and diarrhocaic human faeces. Its pathogenic 
role is uncertain, but it has been isolated from 
wounds, urine, blood, and from CSF in cases of 
fatal meningitis. 

i *- • 

CITROBACTER „ 

These are motile bacilli which utilise citrate, grow 
in KCN medium, produce H 2 S and ferment lac- 
tose late or not at all. Two species are recognised. 
Cilro freundii, which gives typical reactions and 
Giro diversus, which does not form HjS. 

Some strains (Ballerup-Bethcsda group) exhi- 
bit extensive antigenic sharing with salmonellae. 
This may cause confusion in the diagnostic labo- 
ratory. Some strains (e.g., the Bhatnagar strain) 
have a Vi antigen serologically identical with the 
Vi antigen of S. typlu and S. paratyphi C. These 
may be used for estimation of Vi antibodies or for 
raising Vi antisera. 

Citrobacter is a normal intestinal inhabitant. 
Many strains formerly called ‘paracolons’ belong 
to this group. It has been isolated from cases of 
enteric fever, but its aetiologica! role is not estab- 
lished. It may cause infections of the urinary 
tract, gall bladder, middle ear and meninges. 

KLEBSIELLA 

The genus Klebsiella consists of nonroptije , cap- 
sulated r ods that grow well on ordinary m edia 
forming large, dome shaped, mucoid colonies of 
varying degrees of stickiness, Klebstellae are 
widely distributedln nature, occurring both as 
commensals in intestines and as saprophytes in 
soil and water. They have been classified into 
three species based on biochemical reactions and 


into over 80 serotypes based on their capsular (K) 
antigens (Table 30.3) . 

K. pneumoniae 

(Friedlander's bacillus. Bacillus mucosus cap- 
sulatus) 

This bacillus was first isolated by Fnedlander 
(1883) from fatal cases of pneumonia. It ferments 
sugars (glucose, lactose, sucrose, mannitol) with 
the production of acid and abundant gas. It is 
indole and MR negative and VP and citrate posi- 
tive (IMVic -++). It farmsmease. Strains for- 
merly labelled as nonmotile Aerobacter 
aerogenes ( K . aerogenes) arc now considered to 
be K. pneumoniae. It is the second most populous 
member of the aerobic bacterial flora of the 
human intestines. It has become a very important 
cause of nosocomial infections, even replacing 
E. coli 'm some centres. It caus es pneumonia, uri- 
nary infection, other pyogenic infections. -sep- 
ticae mia and .rarely, diarrhoe a. 

Klebsiella pneumonia is rare (0.5-13 per cent of 
cases in different series), but is a serious disease 
with a case fatality of about 80 per cent in the 
untreated. It occurs in middle-aged or older per- 
sons who have underlying medical problems such 
as alcoholism, chronic bronchopulmonary dis- 
ease or diabetes mellitus. The disease is charac- 
terised by massive mucoid inflammatory exudate 
of lobar or lobular distribution, involving one or 
more lobes of the lung. Necrosis and abscess for- 
mation are more frequent than in pneumococcal 
pneumonia. Serotypes 1, 2 and 3 are usually 
responsible for pneumonia. Positive blood cul- 
tures can be obtained in 25 per cent of the cases. 

K. pneumoniae is a frequent cause of urinary 
infection. As most strains are resistant to antibio- 
tics, treatment poses serious problems. It also 
causes pyogenic infections such as abscesses, 
meningitis and septicaemia. 

Some strains of K. pneumoniae isolated from 
cases of diarrhoea have been shown to produce 
an enterotoxin, very similar to the heat stable 
toxin of E. coli. The production of this toxin is 
determined by the presence of a plasmid. 
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TABLE 30 3 , 

Differentiation of Klebsiella species , , 



K. pneumoniae 

K. ozaenae 

, K. Tlunosctcrornaiis 

Gas from glucose 

+ 

d 

- 

Acid from lactose 


d 

— > , 

' MR 

— , 

-f 

© 

Vp 

r* 

- 


Citrate 

urease^/ 

\+V 

+ 

d 

d 

Malonate' 

Lysiney 

, + 

— 

+ 

.p 

d 

“ 


Diagnosis is made by culturing appropriate 
specimens and identifying the isolate by 
biochemical reactions Antibiotic sensitivity 
should invariably be done. Many strains carry 
plasmids determining multiple drug resistance. 

K ^ozaertae is a bacillus associated with oz.icna, 
a disease characterised by foul smelling nasal dis- 
charge. Identification is difficult due to wide 
variation in the biochemical reactions of indivi- 
dual strains. K. ozw/webelongs to capsular types 
3-6. 

K. fhmas dewm mii ^- Th i s bacillus causes rhino- 
scleroma, a chronic granulomatous hypertrophy 
of the nose prevalent in South Eastern Europe, 
India and Central America. The bacilli arc seen 
introccllularly in lesions It can be identified by 
biochemical reactions and belongs to capsular 
lypcl. 

LNTEROBACTVR 

These arc motile, capsulated, lactose fermenting 
bacilli which are indole and MR negative and VP 
and citrate positive. Two species arc recognised. 
E. cloacae and E. arrogates (Table 30.4). 

E. cloacae is found in human and animal faeces, 
sewage, soil and water. It has also been found 
rarely in urine, pus and other pathological mate- 
rials E. arrogates includes strains formerly label- 
led as motile Aerobacrer aerogenes. They are 
found in human and animal faeces, sewage, soil 


and water. They may -cause urinary tract infec- 
tions and hospital sepsis. 

IIAFN1A 

This is a motile, nonlactose fermenting bacillus' 
which is indole and MR negative and VP and cit- 
rate positive. Biochemical reactions are evident 
best at 22®C; at 37°C they may be negative or" 
irregular. Only one genus is recognised, hi. alvei 
It is found in human and animal faeces, sewage, 
soil and water. / ' ' ■' 

SERRATIA^^/ 

Tins differs from Haftua in forming a pink, red of 
magenta, nondiffusible pigment, pr odigiosin .^ 
Only one species is of medical import ance • — 6'. mar- 
ceseens (B. prorfigiosus). It is a saprophyte found 
.w Motor, soft and feed. Jl may grew myputusa 
after collection and may suggest haemoptysis 
because of the pigment formed (pseudohaemop- 
tysis) In recent years, human infections due to 
S. marcescens arc being reported with increasing 
frequency, mainly in hospitalised patients. The 
bacillus has been associated with meningitis, 
endocarditis, septicaemia, peritonitis, respira- 
tory infections and many other conditions. Multi- 
ple drug resistance is common in hospital strain* , 

, PROTEUS , 

Hauser (1885) isolated from faeces, water, sew- 
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TABLE 30.4 , 

DifTerentiation between E. cloacae and E. aerogenes 



E. cloacae 

E. aerogenes 

Gas from glycerol 

- 

+ • 

Aesculin hydrolysis 

- 

+ 

Lysine decarboxylase 

- 


Arginine dihydrotasc 

+ 

— 


ape anti decomposing organic matter, motile 
Gram negatisc baciHi^charactcriscd by ‘s warm- 
ing’ g rowth .on near . They were named Proteus 
because of their pleomorphism. after the Greek 
god Proteus who could assume any shape The 
genus Proteus is classified into five species based 
on biochemtcaj differences (Table 30 5). 

Morphology 

They are Gram negative rods. 0.5p. x l-3p. in size 
Pleomorphism is frequent, with long filaments 
and granular forms. They posscss _ocritrichate 
flagella amUexhibit ‘sw arming’ mcfr mtyT best 
seen at 20 C Neither capsules nor spores are 
formed. Many strains are fimbriate 

Cultural characteristics 

They are aerobic and f.ic«ih:itively anaerobic. 
Good growiTrotjeurs on orflmar ymed ia. Cultures 
emit a characteristic putrefactive odour^ vari- 
ously described as ‘fishy’ or ‘seminal . Many 
strains produce ‘swarming* on agar media. Dis- 
crete colonies can be seen only in very young cul- 
tures. Thereafter, the actively motile cells spread 
over the surface of the plate in successive waves, 
so as to form a thin filmy layer in concentric cir- 
cles. Swarming K a stnkip gfeaturexi£f > r._i--u/g{mi 
and Pr. mtrabihs, but does not occur with other 
speciesTir X^C. t hough it may be induced by 
growing on soft agar at 20°C-28°C. Swarming 
growth presents problems in the diagnostic 
laboratory when mixed growth is obtained in 
which ProreitTt s present with other bacteria. Sev- 
eral methods have been introduced to inhibit 


swarming. Increasing the concentration of agar 
(6 per cent) or incorporation of chloral hydrate / 
(1‘500), sodium azide (1:500), alcohol (5-6 per 
cent), sulphonamide. surface active agents or 
boric acid (1 : 1000) will inhibit swarming. Swarm- 
ing does not occur on MacCon key's medium, on 
w>hich smooth, colourless colonies are formed. 

The exact mechanism of swarming is not under- 
stood. but it is determined by motility. Non- 
motile strains do not swarm. 

In broth, Proteus produces uniform turbidity 
with a slight, powdery deposit and an ammoniacal 
odour. 

Biochemical reactions 

The distinctive character of this genus is the \ 
deamination of phenylalanine to phenylpyruvic 
acid (PPA). which is always positive in Proteus 
and negative in all other members of the family ^ ^ 
Enlerobactenaceae. Hydrolysis of urea is another v / 
characteristic of the genus, but is negative in 
Pr. mconstans ( Providenna). 

They are MR positive and VP negative. All fer- 
ment glucose producing acid and gas, excepting 
Pr rettgeri and Pr. mconstans which are usually 
anaerognic. Lactose is not fermented. Fermenta- 
tion of sucrose, maltose and mannitol, liquefac- 
tion of gelation, formation of indole and H?S, cit- 
rate utilisation and ornithine decarboxylation 
form the basis of classification into different 
species. 

pT « 

Classification 

Two species, Pr. vulgaris and Pr. mtrabihs, were 
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described originally by Hauser. Morgan (1906) ureases produced by Pr. vulgaris, Pr. mirabihs 
isolated motile bacilli from the stools of infants and Pr. religeri are antigenically indislinguisha- 
witfi summer diarrhoea. These form the pro- ble, but that of Pr. morganii is distinct, 
totype for the third species, Pr. morganii. The The Hand O antigens of Proteus are of consid- 
spccies Pr. reitgeri is named after Rcttger, who erable historical interest. Weil and Felix (1916) 

first isolated it (1904). The status of the fifth studying Pro/mr bacilli, observed {hat flagellated 

species, Pr. inconstans is unsettled. This group strains growing on agar formed a thin surface film 

was originally described by Stuart in Providence, resembling the mist produced by breathing on 

U.S.A., and hence is widely known as the ‘Provi- glass and named this variety the ‘Hauch* form 

dence group'. Pr- inconstans has been divided (from Hauch, meani ng 'film of bre ath'). Non- 

into two subgroups — one producing acid and gas flagellated variants grew as isolated colonics 

in glucose and adonitol and the other forming without the surface film and were called ’Ohne 

acid only in glucose, but not in adonitol. Hauch’ form (meaning ‘without film of breath’). 

It has been held that these organisms should be These names came to be abbreviated as the 'H' 

classified into four separate genera, Pr. vulgaris and ‘O’ forms. Subsequently, the terms H and 0 

and Pr. mirabihs which are very similar in their were extended to refer to the flagellar and soma- 

propertics forming the genus Proteus, while Pr- tic antigens of other bacilli as well. The terms arc 

morganii. Pr. retlgeri and Pr. inconstans consti- also used to designate the types of bacterial 

lute the genera M organella, Rcttgcrella and Pro - agglutination, the H type referring to the loose, 

videncia, respectively. fluffy masses formed when flagellated cells arc 

clumped together, and the O type ,to the fine 

Antigenic structure granular appearance of somatic agglutination. 

Weil and Felix also observed that certain non- 
The bacilli possess thermostable, somatic (O) motile strains of Pr, vulgaris, called the ‘X 
antigens and thermolabilc, flagellar (H) anti- strains', were agglutinated by sera from typhus 
gens, based upon which, several serotypes have fever patients. This heterp phile agglu tination 
been recognised within the different species. The due to the sharing of an alkali stabltTcSTbohyd- 
antigcnic scheme is common for Pr. vulgaris and rate h apten ~by certain "strains o( _l’roteus and 
Pr. mirabil'is. but separate for the others. The rickett siae forms the basi s m the"Weil-Felix reac- 
TA&LE 305 ^ , 

Classification of the Genus Proteus ' a* 



Pr vulgaris Pr mirabihs 

Pr. morganii 

Pr. retrgeri 

Pr inconstans 
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►jitm for the diagnosis of some rickettsial infec- 
tions. Three nonmotile strains are employed as 
the antigens for this agglutination test — Pr. \ ul- 
garis strains 0X2. OX 19 and Pr. mirabiits OX K. 
which contain O antigen types 1 , 2 and 3, respec- 
tively. 

Pathogenicity 

Proteus species are saprophytes, widely distri- 
buted in nature. They also occur as commensals 
in the intestine and sometimes on the skin over 
the moist parts of the body. They are opportunistic 
pathogens and may cause many types of infec- 
tions, which may be acquired either naturallyor 
in the hospital environment. Some studies indi- 
cate that the tribe Profeeae are responsible for 
approximately 10-15 per cent of nosocomial 
infections in the U.S.A. Pr. mirabilis accounts 
for the majority of Proteus infections in man. Sev- 
eral nosocomial infections by Pr. rettgeri and 
Pr. ut eons Jons (Providenlia) have been reported. 

stuar ti (one of the subdivisions of Pr. incon- 
stans) Is emerging as an increasingly important 
cause of infection in burns. 

Multiple drug resistant strains carrying trans- 
missible R plasmids base become very* important 
in hospital infection. 

vOrinary tract infection is the commonest dis- 
ease caused by Proteus Pyelonephritis due to 
Proteus is particularly toxic as the ammonia pro- 


duced by the bacillus interferes with complement 
and other natural defence mechanisms. The alka- 
linity leads to necrosis of renal tubular epithelium, 
precipitation of magnesium phosphate and cal- 
culus formation. 

Proteus strains may produce pyogenic lesions 
of various types, such as abscesses and infection 
of wounds, ear or respiratory tract. Both Pr. mor- 
gatiii and Pr. inconstans have been reported to 
cause infantile diarrhoea, but their aetiological 
role is in doubt. It has been observed that Proteus 
strains occur more abundantly in faeces during 
infection with other intestinal pathogens. 

Laboratory diagnosis: Proteus can be readily iso- 
lated from urine or other sources. When Proteus 
infection is suspected, appropriate media (Mac- 
Conkey, blood agar with 6% agar) should be 
employed to inhibit swarming so that any other 
bacteria present are not overgrown, jdentifi 
cation is by biochemical reactions. Pr. mirabilis is 
the most frequent species in clinical specimens. 
Antibiotic sensitivity testing should be done as 
drug resistance is very common. In contrast to 
other species, Pr. mirabilis is fairly uniform in its 
sensitivity to antibiotics and is usually susceptible 
to penicillin, ampicillin and cephalosporin. Many 
strains of Pr. morganii are sensitive to nitrofuran- 
toin and tetracycli ne — drugs to which most other 
Proteus strains are resistant. Most strains of the 
different species are sensitive to kanamycin. 
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Entcrobacteriaceae — II Shigella 


Dysentery is a clinical condition of multiple Resistance 
aetiology, “Characterised by the passage of loose 


motion mixed with blood and mucus. The two 
common types of dysentery are bacillary and 
amoebic. The causative agents o f bacillary dysen - 
tery b elong to the genus Shigella, so named alter 
Shiga, who in 1896 isolated the first member of 
this genus from epidemic dysentery in Japan . 

x 

Morphology 

Shigellae are short Gram negative rods, about 
0.5 n x 1-J n in size. They are nonmotile, 
nonsponng and noncapsulated. Fimbriae may be 
present. 

Cultural characteristics 

They are a erobes and facultative anaerob es, 
growing within a temperature range oPRtCr- 
40°C, with an optimum tempe rature of 37°C a nd 
pH ofT^IlThey grow on ordinary media, but less 
readily than other enterobacteria. After over- 
night incubation, colonies are small, abou tjjnm 
in diameter, circular, convex, smooth and trans- 
lucent Occasionally on primary isolation and fre- 
quently in subcultures, a proportion of the col- 
onies may be of the rough type. Colonies on Mae- 
Conkey agar are colourless due to the absence of 
lactose fermentation. An exception is Sh. sonnet 
which ferments lactose late and forms pale pink 
colonies. Deoxycholate citrate agar (DCA) is a 
useful selective medium. Growth is inhibited on 

VVilvm anti Rlrvir'c hismiitK sulnhili* 


Shigellae arc not specially resistant. They arc kil- 
led at 56°C in one hour and by 1% phenol in 30 
minutes. In water and ice they remain viable for 
1-6 months. Boiling or chlorination of water and 
pasteunsatton of milk destroy the bacilli. In the 
dark, dried on linen, they survive for 1-6 weeks. 

■ In faeces they die within a few hours due to the 
acidity produced by the growth ofcoliforms. 

Sh. sonnet is. in. general, more resistant than 
other species. 

Shigellae are MR positive and reduce nitrates 
to nitntes. Thcycannot utilise citrate as the sole 
source of carbon, do not form H 2 S and are inhi- 
bited by KCN. Catalase is produced, except by 
Sh dysenteriae type 1 . Glucose is fermented with 
the production of acid, without gas, except for 
the Newcastle and Manchester biotypes of 
Sh flexnen type 6, which form gas. Fermentation 
of mannitol is of importance in classification and 
shigellae have traditionally been divided into 
mannitol fermenting and nonfermenting species. 
Sh. flexnen, Sh. boydii and Sh. sonnei ferment 
mannitol, while Sh. dysenteriae does not. Excep- 
tions are not infrequent. Lactose and sucrose are 
not fermented, except by Sh. sonnei which fer- 
ments them late. Adonitol, inositol and salicin 
are not fermented. 

Antigenic structure: Shigellae possess one or 
more ‘major’ antigens and a large, number of 
‘minor’ somatic O antigens. Some strains possess 

IT flnl!oi>n<; Thew afp nn( rplpvlnt in tvpmg, but 
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may sometimes interfere with agglutination by O 
antisera'. Fimbrial antigens are also 'present. In 
general, the antigenic structure of shigellae is 
simple , compared to the complex structure of sal- 
monellae. There is some degree of amigenicshar- 
ing between some members of the genus as well as 
between shigella and £. coh. Common fimbrial 
antigens may also occur, particularly in Sh. flex- 
neri. It is, therefore, important that the identifi- 
cation of shigellae should be made by a combina- 
tion of antigenic and biochemical properties and 
not by slide agglutination alone. 

Classification 

Shigellae are classified into four species or sub- 
groups based on a combination of biochemical 
and serological characteristics. Serotypes are 
distinguished within the species. For epidemio- 
logical purpose, Sh. sonnei is classified into coli- 
cin 1)7)65. 

Sh. dysenieriae (subgroup A): This species of 
mannitol nonfermenting bacilli consists of ten 
serotypes. Type 1 is the bacillus originally 
described by Shiga (Sh. shigae). It is indole nega- 
tive and is the only member of the family that 
does not form catalase. It is unique among shigel- 


la e in forming exotoxins. Three types of toxic 
activity havtT been demonstrated in culture fil- 
trates: 'l^'fieurotoxin, which causes paralysis and 
death when injected into mice or rabbits, 
CKenterotoxin which induces fluid accumulation 
in ligated rabbit ileal loop, and ^pytotoxin which 
damages HeLa a nd monkey kidney cell cultures. 
It is not yet established whether these three 
activities aTe manifested by a single toxin or by 
separate toxins. The neurotoxin and enterotoxin 
are believed to be a single protein with a M.W. 
55,000 to 60,000. It is heat labile and pronase sen- 
sitive. Shigella neurotoxin is the earliest exotoxin 
to have been detected In Gram negative bacilli. 
The cytotoxin may be a subunit of the larger toxin 
molecule. 

Sh. dysenieriae type 1 toxin can be toxoided. The 
toxoid and antitoxin have been used for active 
immunisation and in treatment, without success. 

Sh. dysenieriae type 1 causes the most severe 
type of bacillary dysentery and is most frequently 
associated with complications. 

Sh. dysenieriae type 2 (Sh. schmitri) forms 
indole and ferments sorbitol and rhamnose. 
Serotypes 3-7 were described by Large and 
Sachs in India and hence used to be known as the 
Large-Sachs group. Three further serotypes have 
since been described making a total of ten. 


TABLE 31.1 

Distinguishing features of Shigella species 


Subgroup 

A 

B 

C 

D 

Species 

Sh. dysenieriae 

Sh. flexneri 

Sh. boydii 

Sh. sonnei 

Mannitol 

~ 

A 

A 

A 

Labtose 


_ 

_ 

A Late 

Sucrose 


_ 

_ 

A Late 

•*i Dulatol 

_ 

- 

d 

- 

indole 

1 Ornithine 

d 

d 

d 

+ S 

L, decarboxylase 

_ 

- 

- 

Serotypes 

10 

6+2 variants 

18 

(2 phases; 
17cohcine 
types) 


A— Acid 


d'Variable 




276 


TEXTBOOK OFMiCROBIOLOOY 


Sh. flexneri (Subgroup B): This group is named 
after Flexncr, who described the first of the man- 
nitol fermenting shigellae from Philippines 
(1900). This group is biochemically heterogene- 
ous and antigenically the, most complex among 
shigellae. Based on type specific and group 
specific antigens, they have been classified into 
six serotypes (1-6) and several subtypes (la 
lb;2a,2b;3a,3b,3c;4a,4b;5a,5b). In addition, two 
antigenic ‘variants' called X and Y are recog- 
nised, which lack the type specific antigens. 
Serotype 6 is always indole negative and occurs in 
three biotypes, some of which form gas from 
sugars. 


TABLE 31.2 

Biotypes of Sh flexnen Type 6 


Bioiypc 

Fennenlauon of 
Glucose 

Mannitol 

Boyd 88 

A 

A 

Manchester 

AG 

AG 

Newcastle 

A or AG 



A— Add AG— Acid and Gas 


Sh. boydii (subgroup C): This group consists of 
dysentery bacilli that resemble Sh. flexneri 
biochemically, but not antigenically. The group is 
named after Boyd, who first described these 
strains from India (1931). Eighteen serotypes 
have been identified , the last three having been 
described only in 1985; Sh. boydii are isolated 
least frequently from cascsofbacillary dysentery. 

Sh. somtei (subgroup D): This bacillus, first 
described by Sonne (1915) in Denmark, ferments 
lactose and sucrose late. It is indole negative. It is 
antigenically distinct and homogeneous, but may 
occur in two forms — phase I and phase II — the 
latter forming colonies that are larger, flatter and 
more irregular. On subculture, phase I produces 
both types of colonies, but phase II is considered 
to be a loss variation. Organisms in this phase 
may be isolated from patients, but arc more com- 
mon in cons alescents and carriers. 


, Sh. sonnei causes the mildest form of bacillary 
dysentery. In many cases the disease may only be 
a mild diarrhoea. But Sh. sonnei infection per- 
sists as the most common shigellosis in advanced 
countries. For epidemiological purposes, Sh. 
sonnei has been classified into 17 colicin types. 

Pathogenicity: Shigellae cause bacillary dysen- 
tery. Infection occurs by ingestion. The minimum 
infective dose is low, as few as 10-100 bacilli being 
capable of initiating the disease. The bacilli infect 
the epithelial cells of the villi in the large intestine 
and multiply inside them, spreading laterally to 
involve adjacent cells and penetrating into the 
lamina propria. Infla mmatory reaction devel ops? 
with capillary thrombosis, leading to necrosis of T 
patc hes of epUHe flum, wI uchTtoirgh'offrieav ing I 
behin d transverse super ficial ulcers. Bacteracmia J 
may occur infrequently in severe infections, par- 
ticularly in malnourished children. 

Though Sh. dysentertae type 1 possesses an 
exotoxin, it appears to be much less important in 
pathogenesis than the ability of the bacillus to 
penetrate and multiply in the colonic mucosa. 
Nontoxigenic mutants can still cause dysentery, 
but not the noninvasive ones. 

Bacillary dysentery has a short incubation 
period (1-7 days, usually 48 hours). The onset 
and clinical course are variable and are largely 
determined by the virulence of the infecting 
strain. The main clinical features are frequent 
passa ge of loose, scanty faeces containing blood 
and mucus, along with ermine paiiT and tenes-\^/ 
mus. Fever and vomiting may or may not be pre- 
senf. Complications are most often seen in infec- 
tion with Sh. dysenteriae type 1 and include 
arthritis, toxic neuritis, conjunctivitis, parotitis 
and, in children, intussusception. Haemolytic 
uraemic syndrome may occur as a rare complica- 
tion in severe cases. The severity of the disease 
may vary from acute fulminating dysentery to 
mild diarrhoea. As the term bacillary dysentery 
refers only to the more severe cases the term 
‘shigellosis’ has been employed to include the 
whole spectrum of disease caused by shigellae. 

Man is the only natural host for shigellae. Cap* 
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live monkeys have been found infected, but such 
infections may have been of human origin. 
Experimentally, dysentery can be produced only 
in monkeys. Intraperitoneal injection in mice 
produces fatal bacteracmia and instillation into 
the eyes of guinea pigs causes keratocon- 
junctivitis. Intraluminal fluid accumulation fol- 
lows injection of virulent strains into ligated 
rabbit ileal loops. 

Epidemiology 

Epidemics of bacillary’ dysentery have always 
accompanied wars and influenced their outcome. 
In several campaigns, more men have died of 
dysentery than were killed in battle. Epidemics in 
civilian communities are associated with poverty 
and insanitation. 

The only source of infection is man — cases or 
carriers. The modes of transmission may be as 
follows: 1) direct, through contaminated fingers 
— ‘hand to mouth* infection, 2) through fomites; 
such as door handles, water taps, lavatory seats, 
3) through wafer, 4) through contaminated food 
or drink. Shigellosis, especially Sh. sonnet infec- 
tion, may occur as food poisoning, and 5) through 
flics which may transmit the infection as mecha- 
nical vectors. 

Shigellosis is worldwide in distribution, but, 
epidemiologically, there are a number of differ- 
ences between the nature and extent of the infec- 
tion in the affluent and in the poor countries. 
Where environmental sanitation is good, as in 
Britain, shigellosis is mainly seen in young chil- 
dren and in special situations iike mental hospi- 
tals (asylum dysentery). Sh. sonnet is the predo- 
minant infecting agent. In the U.S.A., Sh. sonnei 
is the main type in the north, while Sh. flexneri 
is more common in the south. Carrier rates for 
Sh. flexneri were found to vary from 0.1 per cent in 
New York to 11 percent in New Mexico. In coun- 
tries where environmental sanitation is poor, 
endemic shigellosis is found in all age groups and 
is caused by all species. In India, Sh. flexneri has 
always been the predominant species, having 
formed 50-85 per cent of isolates in different 


series. Sh. dysenteriae (8-25 per cent) and 
Sh. sonnei (2-24 per cent) are the next common 
species, Sh. boydii (U-8 per cent) has been iso- 
lated least frequently. r ■ 

The picture has changed in recent years. After 
a long period of quiescence, Sh. dysenteriae type 1 
suddenly appeared in an extensive and virulent 
epidemic form in Central America in 1968. In 
1973, a similar outbreak started in Bangladesh 
and later in Sri Lanka. Several localised out- 
breaks were observed in India from 1974, fol- 
lowed by extensive epidemics in Kerala from 
1981 and West Bengal from 1983. The epidemic 
strains showed multiple drug resistance. 


Laboratory diagnosis 


Di agnosis is made by isolating the bacillus fro m 
faeces. The ideal speci men is a direct swab of an 
ulcer taken ' b y ?igmoidoscopic examination. . 
Fresh faeces can also, be used. They should be 
inoculated without delay oTtfansported in a suit- 
able medium such as S achs* buffered glycerol 
saline, pH 7.U-7.4. H ighly alkaline transport 
media used for vibrios are inhibitory for shigcllae. ^ 

It is Pest to use, lorTnocuiation, mUCUS ftskes if 
they are present in the sample. MacConkey and 
DCA plates are inoculated. After overnight incu- 
bation at 37 ®C, the plates are inspected for non- 
lactose fermenting colonies, which are tested for 
motility and biochemical reactions. Any non- 
motile bacillus that is urease, citrate , H 2 S and 
KCN negative should be furtherjnvestigated_by 
biochemical tests' (Table 31.1). Identification is 
confirmed by sli de agglutinatio iiavTth'poIvvalent 
and monovalent sera. 

The fluorescent antibody t echnique h as been 
employed for the 3irectT3entification of shigeilae 
in faeces, but is complicated by antigenic cross 
reactions and nonspecific fluorescence. The 
demonstration of antib odies in sera is of no va lue 
in diagnosis l 



Uncomplicated shigellosis is a self-limited condi- 
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tion that usually recovers spontaneously in a day or 
two. But in acute cases, particularly in infants and 
young children, de hydration, has to be corre cted 
/CTOmptiy. Oral rehydration is adequate in most cases. 

' Routine antibacterial treatment is not indi- 
cated in dysentery. There is no convincing evi- 
dence that antibiotics either hasten recovery or 
prevent the carrier state. Tire very wide preva- 
lence in shigellae of R factors conferring resis- 
tance to multiple antibiotics renders antibiotic 
therapy futile. Most strains prevalent in India 
now are resistant to chloramphenicdl, streptomy- 
cin, sulphonamides, and some to ampicillin also. 
They were initially sensitive to cotrimoxazole, 
but resistant strains appeared later. In very seri- 
ous infections, nalidixic acid has been life saving. 
Indiscriminate antibiotic therapy in dysentery will 
only help to increase the problem of drug resis- 
tance in intestinal bacteria. Antibiotics should, 
therefore, be reserved for the severe, toxic.cases. 


Control 1 ‘ ' ■ 

As bacillary dysentery is an exclusively human 
infection transmitted by the faecal-oral route, 
control consists essentially in improvement of 
environmental sanitation. 

The value of vaccination in the prophylaxis 
of dysentery is still uncertain. Killed vaccines 
proved to be toxic and ineffective. Many types of 
live oral vaccines have been tested, including a 
streptomycin dependent strain, avtrulant mut- 
ants and Shigella- E.coli hybrids. They were 
shown to produce varying degrees of type specific 
immunity. The existence of several serogroups 
and types would appear to preclude effective 
immunisation. -But vaccination is feasible as 
bacillary dysentery in a region is predominantly 
caused by one or two serotypes only at any time. 
The vaccines are, however, in the experimental 
stage. 1 
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m Salmonella 


The genus.' Salmonella consists of bacilli that 
parasitise the intestines of a large number of ver- 
tebrate species and which i nfect m anJea,ding_to_ 
enteric fssisf , gastroenteritis, septicaeiflia wit h or 
without focal suppuration t a nd the carri er state. 

The most important member of the genus is Sal- 
monelta typhi, the causative agent of typhoid 
Sever. The typhoid bacillus was first observed by 
Eberth (1880) in the mesenteric nodes and spleen 
» of fata! cases of typhoid fever and was isolated by 
Gaffky (1884). It came to be known as the Eberth- 
Gaffky bacillus or Eberihella typhi. Salmon and 
. Smith (1885) described a bacilluswhich was be- 
lieved to cause hog cholera. This bacillus, no w 
called S. cho lerae-suis. was the fi rst of a series of 
similar organisms to be isolated from animals and 
man — the genus Salmon ella. It was subsequentl y 
realised that the lyphoT ^bacilTuwlscLhelongedto 
this group, in s pite ofTrunor biochemical differ- 
ences, and it was redesignated S. typhi, the genus# 
' \Eberthella having been abolished. Salmonellae) 
i I current}}' comprise about 2000 serotypes or spe- 
\ries, all of them potentially pathogeni^For prac- 
tical purposes, they may be divided intej. two 
I groups: 1) The enteric fever grou p-consisting of 
' the t yphoid and ptflatvphpifl bacil li that are exclu- 
sively or primarily human pajajftes; and 2) t he food 
p oisoning group , which^are essentially anim al 
parasites, but which can aljo infect man, prod uc- 
ing gastroenteritis, sep ticaemia or localised infec- 
tions. ^ 


x ^^8^1)i siz e. They are motile with peritrichnb ^ 

. fiageffa Texcept for one type, £. gatlinarum-pu f - , 
lorum, which is always nonmonle. Nonmolile 
mutants of other types may sometimes be found. 
They d.o not form capsules or spores , but may 
possess fimbri ae. 


Cultural characteristics 


Salmonellae are aerobic and f aciiHati v-ely-an - 
aerobic , growing readily on simple media over a 
range of pH 6-8 and temperature 15^C~41°C (op- 
timum 37°C). 

Colon ies are large, 2-3 mm in diameter, circu- 
lar, low convex and smooth. They are more trans- 
lucent than coliform colonies. On MacCotik cv 
and deoxycholate citrate media, colonies are col- 


ourless due to absence of lactose ferment ation. 
On Wilson and Blair bismuth sulphite med ium, 
jet black colon ies with a met allic shee n are 
forme d due to production of jf?S. S. paratyph i A 
and other species that s kfhot ‘{ormMyS p roduce 
[rrppnrnlnnipc x ^ 


green colonie s. 

Selenite F and tetrathionatc broth are conv 
monly employed a s enrichment media. 


Biochemical reactions 


Morphology 

Salmonellae are Gram negative rods, about 1-3 it 


Salmonellae ferment glucose, mannitol an dmal- 
tose fo r ming acid and gas. A uimpggant except 
lion is ft Vg^liLwhich ^rniagrogem c TXa ctose , 
sucrose and salicin are noEfcrmrntgt fr Indole is . 
not produced. They are MR positive. VP ncga--r + 
tive and ci trate positiv e. S, tvplii and a few othe r 
salmonellae do not prow m Simmons* citrate 
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medium as. the y, need tryptophan as growth fac- in high hire following infection or immunisation, 
tor. Urea is not hydrojyh cd, feS is produced^ The flagellar antigen is of a dual nature, occur- 
Xfc except by S. paratyphi AT S. cholera e-suis and ring in one of two phases. 


some other species. * 

The enteric fever group may be separated O antigen: The somarifT 


biochemically (Table 32.1). 


antigen is a pho s- 


pholipid protein polysaccharide com plex which 


•fattwsan Integral part of the cell wall. ttj> idmi- 
Resistance ca ^tt , ld>Y n ^gtari n77fcJri ficVxfraclHFfrom the 

bact erial cell by treatment with iricho loracctic 
The bacilli are destroyed at 5 5*C in one h our or at acid, as first shown by Boivin (and therefore 
6<y C in 15 minutes. Boiling or chlorination of called the IJcim-anligeH)^ Treatment with 
water and pasteuris ation of mii k destroy the Phenol spli ts off the protein ™ ™Vty r removing the 
bacilli. In polluted wat er and soil , they survive for antigenicity, but r emining the toxiri tv of the 
we eks and in ice for momhs TCuTturcs may be via- complex. ' 


We forjearsTTpreventeirirom drying. They arri The O anti gen is unaffgctcdixyJxuliflg.i ikohol 


killed within fi ve minu tes by mercuric chloride] orw^aj 


< 1 ‘.500) or _S% jrhen ot. ^ 1 gen suspensions form comp act, chalky, granular 

[ flumps . O ag glutination takes place more slowly 
Antigenic structure [ and jJjjjiig SxiimpgCU ure~optimmnf50 B Cf55 <, Cr 

VI , t haVlia^lui^ation737 0 Cy Thg_^amigfn is le# 

Salmonellae possess tWollowing antigens based > immunogenic than the H antigen and jhe litre or - 
on which they are classified ami identified — \ Oannbody i nduced after m fcciToiTo r immunisa- 
1) fla gellar j ntigen H, 2rs omatic antigen 'O, and tion is generally low cT t hinTfliaTof the Hanti^ 

3) a sur face antigen Vi . found in some species, body’: - — 

Several strains carry ft'mhriae . Frmbrial antig ens Th e O antigen is not a sinelc factor, bu r a 
arc n ot important in identificati on, but maveause mosaic of two or more antigenic factors. Salmo- 
confuiion due to their nonspecific” nature and ncllac are classified into a number of groups 
widespread shannga^m ^renieroSa ctcriar' ^ based on tlic presence of char acteristic O anti- 

g'ens on the bacterial surface. ’’ * , 

Honrigen: This antigen present on the flagella is a w 


Antigenic structure 


H antigen : This antigen present on the flagella is a ’ _r ‘ J ' w 

heat labilejimteioJlL is destroyed by boiling or Vi antigen: Many strains of S. typUi fail to ag- 


by treatment with alcohol, but not by formal- 
dehyde. When mixed with amis'er a^ H~suspen - 
sions a gglutinate rapidl y, producing large, loose. 
fluffy clumos.^The H nntioen k cfrrmrtv immunn 


ormal- glUtinatc with the O antiserum when freshly iso- 
aspen- latcd. This is due to the presence of a surface anti- 
Loosc, gen enveloping the O antigen. (Felix and Pitt who 
muno-y first described this antigen believed that it was 


gemc a nd indfates antibody formation rapidly and related to virulence.) if is analo gous to t Ik Kami- 
fllochemfcal characters of J>pho7d"and paratyphoid bacfllf *' 


S. typhl 
S. paratyphi A 
S. paratyphi B 
S paratyphi C 


EfTTEROBAC^l^EAE4Il ) js0.N!ONELl@> 


gens of cQliforms. It is heat lahi le. Bacilli inagguj-” 
tinable wiffi-0 antiserum become agglutinabte 
after boiling or heating at 60°C for one ho ur. It is 
also destroyed by N HCI and 0 .05 N NaOH. It is 
unaffected by alcohol or 0.2% formoJ. 

Originally observed in S. typhi, the Vi antigen 
with similar antigenic specificity is present, in 
paratyphi C and 5. dublin , as well as in certain 
straihs of Citrobacter (the Ballerup-Beth'esda 
group). The Vi antigen tends to b e lost on seri al 
s ubculture . It is related to mouse virulence as 
judged by production of lethal infection by intra- 
peritoneal inoculation, but its role in natural 
human disease is not known. It may act bv coa t- » 


h.ictr-riaLamt npspnir rff>rt_nTlht- fi antibody. In 
human volu nteer experimentsTstrains possessi ng 
Vi antig en were found to cause clinical disea se 


salmonellae may lose flagella by mutation . A sta- 
ble no nmotile mutant of S. typh i is the 901-0 
strain which is widely employed for the prepara- 
tion of O-agglu tinable bacterial susp ensions. 
Generally, loss of flagella is ndt total and there 
occurs only a diminution in the number of flagella 
and the quantity of H antigen*. Flagellated cells 
are found in small numbers in such cultures. To 
ob tain a population of motile cells, rich in H am T 
ge n from such cultures, selectio n may be carried 
out by using thef Craigie's tuhe^ This consists of a 
wide tube containing soft agar. i n the 

centre of which is embedded a .short, narrow 
tubeopen.at both ends, in s u ch a way jha tJFpro- 
j ects above the agar. The st rain is i noculated 
carefull y into the inner t ube. After incubatio n, 
s ubcultures withdr awn from the top of the agar 
: will y ield a pop ulation of 
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of antigens. Phase 1 antigen is either s pecific for a 
s pecie s or shared by a few s pecies only. Hence 
phase 1 is called the ‘specific* phase . Phase 2anl i- 
gens are widely shared and hence it is called the 
‘ nonspecific' or 'gtoup* pha se. Phase \ 
are designate d a, h, c. d, etc , and after z, as Zj, z 2 


Other Vi-containing bacilli such as S paratyphi 
C and 5. ditblin seldom have the O antigen com- 
pletely mashed by the Vi antigen. 


■R vnriaiinn'. The smooth-to-rough varia- 
1cm is associated with the change in the colony 


etc. Phase 2 antigens are far fewer and are termed morphology nnd loss of the O antigen and of vi pi- 
1,2, etc. In some species, antigens, belonging to Jenee . The colony become s large, 'csugh. and 
phase l may occur as the phase 2 antigens (e.g.,e, Juegular. Suspe nsions in sahneruc autoaggh nin- 
n.x.Zis). Strains that possess both phases are cal- able. Conversion into R forms occurs by muta- 
led diphasi c. S ome, like S. tvphi occur in phase IV ti on. R forms may be common iiTlaboratorv 
o nly and are called jpoppphnsic strains maintained by ser ial aubcu ltivation. 


A culture wtlf^ntam xfcllsAviUiilaagUaLanti- ^S-*R variation may be jffvpnif- d insome extent 
gens of bot h phasesTbu t generally o ne or t he ^ by *• — 


~u tlier~pKasc will pr edominate so that thfrcultur e 
i? aggluti nated only by o ncLoLihc.pIiasejntisera. 
for serotvpmg of sal monella isol ates .it is neces- 
sary to identity Die fla gellar anti gens of bo th 
phase s. A culture in one phase may be converte d yy 
toJhg^theiLphaseJby,passing t hrough aCraigie’s OOfia 'nations in O w/icen: , Chances in the struc- 
t ube contain ingihe homglpgous~phase.anti.serum formulae o f O antigen m av be induced by 


witfTthe development 
of a new mucoid ot_‘M'- antigen have been descri- 
bed and some other species. 


incorporated in the agar. 


/3 yV~*W variation : Fresh isolates of S. ty phi 
''/ generally carry a s urface laye r of Vi aritlg en that 


completely m as ks the O antig en ..Suc h bacilli a re 
agglutinable wi th the Vi a ntis erum but not with 
the Q ant iserum. This is called the V form. A fter 
a n umber of subcultures, llie Vi antigen ^"com- 
plet ely lo stT Such culnir csare in ag glutmable vvi t h 
Vi antiserum but rea dily agglutinable with O 
antiserum This is called the W form. Irdsr- 
mediatcTt ages during the loss of the Vi antig en , 
whCnthe bacillus is agglutinable with both Vian d 


.lysogenisation w ith some converting phages, 
resulting in the alteration of serotypes. Thus, 
5. anatum is converted into 5. newington by one 
phage and the latter into S. minneapolis by 
another phage (Fig. 32.2). 

It is likely that such changes taking place in 
nature contribute to the abundance of salmonella 
serotypes. 


Salmonellae arc classified broadly Into, four 
subgenera based on the biochemical reactions 
(Table 32.2). 


S. anatum 


-3,10: e.h:* 1,6. 


Lysogenisation { with phage 15 
I 


- serotype - 


-3,15: e,h: 1,6. 


Lysogenisation I with phage 34'... 


5. minneapolis 


-3,15,34: e,h: 1,6. 


Fig 2rti igc conversion oFSjtmonctla scron pev 
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TABLE 32 2 

Biochemical reactions of Salmonella subcpnera 


jbeem 

7 


Test 


' Subgenera^J 

ii hi 

IV 

Lactose 

_ 


© 

.. 

Dulcitol 

+ 

+ 


— 

d-Tartrate 

+ 

— 

— 

— 

Mafonate 

- 

+ 

+ 

- 

Salidn 

— . 

— 

— 

+ 

KCN 

- - 

— ■ - 

- - 



Sub penns 1 is th r a nd most impor tant. 

containing nil the species that commonly c ause 
h urnnn-anri animal infectio ns. Oth er subgene ra 
arc of littl e importance in human diseas e. Sub- 
genus II is common in reptile s. They have fre- 
quently been isolated from turtles and tortoises 
kept as pets. Subgenus 111 consists of bacilli for- 
merly designated Arizona and later included in 
the genus Salmonella because of their antigenic 
similarity. Originally isolated from lizards, 

Arizona strains have since been obtained from 
reptiles, birds, domestic animals and man. They 
tend to be ignored in cultures as about 60 per cent 
of them f erment lactose promp tly. Subgenus IV 

VIABLE 32.3 
KaufmannAVhUe^chemc&lIlustrative examples 


strains are but rarely encountered and they 
are' best considered as typical members of sub- 
genus II. 

Serological classification of salmonellae is by 
the Kauffmann-White scheme. 

Kauffmann - White scheme : This forms the basisof 
serbtypirig of salmonellae yncTOepends on’the 
i dentification b y aggluti nation , of the structural 
formulae <jtQ qna H a ntigens of the strain s. Sal- 
monellae arc initiallycTassified into groupsTuscd 
on the presence of distincirvqO^ntigen factors. 
[O antigen factors were formerly designated by 
Roman numerals (1, 11, 111. -etc.), but urc now 
indicated by Ara bicnum eialv(l^?i 3^ctc.». The 
dist inctiv e f actor for grouftA is 2j ipfr for group B, 4. 
So, any strain posse ssing fact or2wULbe£lasMficd 
as group A, and any strain.possessing factor 4 as 
group BTThe earlier groups are designated by 
capital letters, but the later groups arc num- 
bered, currently, upto group 65, Within each 
group, differentiation is by identification of 
phase 1 and phase 2 flagellar antigens (Jable_ 
32.3). 

The Kauffmann-White Scheme gives species 
status to each serotype. On the other hand. 
Ewing considers that there are only three species 

of salmonellae, 5. cholera -sit is S. tynhi an d 
•" * 11 - 1 


Group Seroiypc . 



l 


Phase 1 Phase 11 J,, 

A 

S. paratyphi A 

iiiT 

a 

- 

B 

S. paratyphi B 

1,4,5,12 

b 

1.2 


S typhfmunum 

1{4,5,12 

* 

1.2 

- 

S. Chester 

4.5»12 , 

e.h 

e,n,x 

C, 

S. paratyphi C 

6,7. (Vi)' 

c 

1.5 


S. chalerae-suits 

6,7 

c 

1,5' 

C2 

S. muenchen 

6,8' 

d_ 

.1,2 

D 

S. typhi : 


d 

- ' 


S. enteritidis 

1,2*12 

g.m 

- 


S. gallinarutn. 

1,9,12 


_ 

El 

S. anatu'm 

3 e 

e.h 

1.6 
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S_. enteritidis , all others being taken as serotypes 
of S. enteritidis. This suggestion has not found 
support. 

Some 2000 serotypes of salmonell ac have been 
identified so far. Most serotypes of medical 
importance fall into groups A to H. Salmonella 
species were named origi nally according to the 
disease caused by them {cg 7,S : / ypln), the a pi- 
rn ;^ouTan^7£7rVrr^//Mu^ aftertHe~per- 
sons who discovered them j(e.g., 5. sc/iommd- 
leri), after the name of the person from whom the 
first strain was isolated (e.g., S. thompsoni) or 
after the place of isolation (e.g., t Tpoo na). Due 
to the large proTusiorTof se retypes, names are 
assigned only to new serotypes in subgenus 1 at 
present. New serotypes in other subgenera are to 
be designated only by their antigenic formulae. 

Sometimes, more than one species may have 
the same antigenic formulae. Thus S. gallinarum 
and 5. pullorurn cannot be distinguished sero- 
logically, but they can be identified by biochemi- 
° cal reactions (S', gallinarum is anaeropemc a nd 
\y ferments dulcito l unlike-S. pullorurn). Important 
/ pathogens such as S lyphi, S paratyphi A and B, 
and S. typhimunum can be further typed for epi- 
demiological purposes by phage susceptibility, 
biochemical properties, bacteriocin production 
andantibiogram. 




Pathogenicity. Salmoncllae are strict parasites of 
animals or man. S. tvphi , S. paratyphi A and usu - 
ally. but not invariably, S. paratyphi B are con- 
fined to man. Other salmonellac are parasitic in 
various animals — domestic animals, rodents, 
reptiles — and birds. Some species exhibit host 
specificity — S abortus-equi found only in 
horses, S abortus-ovis in sheep and S gallinarum 
m poultry Others such as S. typhimunum. have a 
, -.wide host range affecting animals, birds andman. 
Infection in animals may vary from an asympto- 
matic condition to fatal, and sometimes epizootic 
^disease. S. typhi munum and S. enteritid is cause a 
fatal septicaemia in rats and mic^. Preparations 
containing these bacilli Cr fo viru s’) were once 
employed to eradicate rodents. Their usejs 
dangerous and may lead to human infections. 


5 pullorurn causes ‘white diarrhoea’ in chicks 
and S. gallinarum fowl typhoid. ■ 
Salmoncllae cause the following clinical syn- 
dromes in man: I) enteric fe ver. 2) s epticaem ia, 
with or without local suppurative lesions, and 
3) ga stroenteri tis or food poisoning. 

ENTERIC FEVER 

The term enteric fever includes ty phaij fe vet 
caused by S, tvnhi and para typhoid feverfims ed 
by S. p aratyphi A . B and C. > • i 

jjTyphoid fever was once prevalent all over the 
world and was not well demarcate d from other 
prolonged feyep A detailed study ol the djseasc 
was presented by B retonnea u (1826) who iden- 
tified the intestinal lesions. The name typho id 
was given by (^uis (1829) to distinguish it from 
typhus fever. Bu3d (1856) pointed out that the 
disease was transmitted through the excreta of 
patients. E berth (1880) described the typhoid 
bacillus and Gaffky (1884) isolated it in pure cul- 
ture. Its causative role was confirmed by Metch- 
mkoff and Besredka (1900) by infecting apes 
experimentally. S. paratyphi A was isolated by 
Gwyn (1898) 5. paratyphi B (S. schottmullen) 
by Acbard and Bensaude (1896) S. paratyphi C 
(S. lurschfcldii ) by Uhlenhuth and Hubcner 
(1908) from cases resembling typhoid fever. 
•* The infection is acqui red by i ncestii j ip . In 
human volunteer experimcntsT the PIP'^ was 
found to be 10 h.-icj [ li It is possible that th e bacilli 


pf the phary nx, but it is not known how frequent 
this mode of entry is. On reaching the gut, the 
bacilli attach themselves to the epithelial cells o f 
the i nfpstinnl and penetrate to t he lamjna . 
propria and subitiucQjar They are phagocytosed 
there by polymorphs and m acrophag es. The abil- 
ity to resist intracellular killing and to multiply 
within these cells is a measure of their virulence- 
They enter the mesenteric Ivmph-ppd es, vifrcic — 
t hey multi ply anJTvia the t( t6racic diidt, enterthe 
bloods tream . A Transient bacteraemia f pile's, 
during which Ihenanm art* seederftn th e live r, 
gall bladder, s pleen, bo ne marrow, lymph nodcs, 

IwkCXlvfi <A 
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Jungs and kidneys, where . further multiplicatio n 
takes place. Towards ihe-eca of the ^nr jihniin n 
period, there occurs a massive hacteraemia from 
these sites of multiplication. h eralding the onse t 
of clinical disease,^ 


it multiplies abu ndantly in the gall bladder and is 
discharged continuously int o the jniestmc where 
it involvesl he Fever's pa tche s and jymphoid folh- 
cks_of the ilgum. THese^BecorrjC .ini jamah 
undergo necrosis' and slough of f, l eaving behi nd 
the characteristic t yphoid ulce rs. Ulceration of 
the bowel leads to th>two major complications of 
the disease — intestinal perforat ion and haemor - 
rhage, During the 13=T week s that normally consti- 
tute the course of the disease: the intestina l 
lesions undergo healing . 

Tlie incubation period is usuaK){ 14 day s, but 
may range from 5_-20 days and appears to be 
related to the dose of inf ection . The clinical 
course may vary from a m[1d_ undifferentiate d 
-pyxciig (ambulant typhoid] toj uapidlv fatal ful- 
minati ng disease . The onset is usually gradual, 
withpigsuladg) malaise, anjqcesia, a coated 
tongue and abdominal >discomforL with 1- either 
constipation or di arrhoe a. T he typical feature s 
are a .j dcn-ladri pr - pyrexia, w ith brnHynar - 
dia and toxaemi a. A soft, palpable spleen 
is a constant finding. Hepatomegaly is al so com - 
mon, ‘ Rose snots' that fad e-on pressure appe ar 
on the skin during the second or-third-weel u- 
but are seldom noticeable in dark-skinned 


S. paratyphi A and B cause paratyphoid fever 
which resembles typhoid fey erTbut is generally 
milde r. s Tparatyph ■Gft nay also cause paraty- 
phoid fever, but mortfoften it leads to a frank 
s epticaemia with s uppurative, complications . '/ 
Other salmonellae have on occasion beerunpclrt- 
cd to cause enteric fever. These have included 
5. dubifn, S^barjeJiy, S. sendai, S. e/iterifidis, 

S. tvph imurium , S. eastbourtfe, S. samtpqul, 

S. o ranienbur g and 5. -panam a. Infecti on with 
Alkd!igen e ±- f aecaljsa\so may sometimes cause a 
similar clmicatpicince?-^ 

Epidemiology 

Typhoid fever h as been virtual ly eliminated from 
the advanced countries during the last several 
decades mainly as a result of im provements i n 
water su pply and sanitation , but i t continues t o be 
endemic in the poor nations of the world. The 
control of paratyphoid fever has not been so suc- 
cessful. The distribution of paratyphoid bacilli 
shows marked geographical differences. S.jtam- 
typht A is prevalent in India and other Asian 
countries, Eastern Europe and So uth America, 

S. par atyphi B in We stern Europ e". Bril airy and 
North America; a nd 5. paratyphi C in Eastern 
Europe andGuyana. 

Enteric fever is endemic in all parts of India. 
Though there is no reliable information about its 
incidence in the country, typhoid fever has been 
estimated to affect 150-300 per 100,000 popula- 


patients. , 

The most important complications 'are intesti- 
n al perforation, haemorrhage , an d circulatory 
coUaps&»-Somc ‘degree oftT DliCliirislor. bmacho- 
pne umonia is always foun d. Some develop psych- 
oses-i tealness or mentpeitis- Cholecystitis, arth n- 
tis, a bscesse s, 11 penOsteitis , nephritis, haemolyt ic 
anaemia, venous t hromboses and peri pheral 
neuritis are '"other complications found. 
Osteomyelitis is a rare sequel." ” 

Convalescence is slow. In about 5-10 per cen t 
of cases , relapse occurs during co nvalescen e. The 


tion. The proportion of typ hoid to paratyphoid A 
is abou t 10:1 . Paratyphoid B is rare and C ver y 
rare . The disease occurs at all ages, but is proba- 
bly most common in th e 5 - 20 yean age grou p 
The age incidence is related to the endemi cUy a 
the disease and the level of sanitation. 

The source of infection ts a patient, er far more 
frequently, a carrier . Pa tients who dontinue to 
s hed typhoid bac illi in faeces for three weeks in 




^trjimprt .Those who shed the bacilli for more 
(Ran three months but less than a year are called 


than three months but le ss than a yea r ar e called 
temporary^ friers and those who shed the bacilli 
for over a year are called chronic ggj rrip rs . About 
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2-4 per cent of patients become chr onic carriers, the demonstration of antibodies in his scrum . A 
The development of ca rrier state is more com- positive blood culture is .diagnostic, white the 
mon in f emales a nd in the ol der age group s (over same significance cannot be attached to isolation 
40 years). Some persons may become carriers fol- f — ‘ — — r '-‘~ — -• 


lowing inapp arent infecti on (symptomless cxcre- 
tor). The shedding of bacilli is usually intermit- 
tent. The bacilli .persist in the gall bladder or kid - 
ney-and^re.cligiinatediii me Tacte s t hecal car- 
ricr) or urine f urinary carrier !. rcsp cctive lyTUfi- 
nary carriage is less freque nt andis generally 
associatecT witFsomc urinary lesion such as cal- 
culi nr schktnsotptnsis. 

"Foodha n dTcrsoi cooks" who become canicrs 
are particularly dangerous. T Tic best known of 
such typhoid carriers was Nt.irvNlnTlonTTvpIionl 
Mary). a New York cook, who. over a period of 
15 years, caused at least seven outbreak s affect- 
ing ov er 200 persons . »- 

'Carriers occur with paratyphoid bacilli also. 
White S. paratyphi A occurs only in man . 


S. p aratyphi B can infect animals such as dog s or 
cows, w Inch may act as sources of human disease . 

Typhoid fever occurs in two epidemiological 
types. The first is the endemic or residual typhoid 
that occurs throughout the year, though seasonal 
variations may sometimes be apparent. The sec- 
ond is the epidemic ijphoid, which may occur 
in endemic or noncndcmic areas. Ty phoid 
epid emics are wat er._niilk. pr food h ome. Water 
borne epidemics, once so common, have become 
rare due to belter control of drinking water. 
Milk borne epidemics also have become rare due 
to the general use of pasteurisation. Food borne 
outbreaks maybe due to contamination of tinned 
/^foodstuffs, vegetables or shellfish which arc 
^ j eaten raw or undercooked. Some outbreaks of 
typhoid fever are still met with at times in the 
? advanced countries (e.g., the wa ter born e 
epidemic m Zermatt, Switzerland, in 1963: the 
food born e epidemic caused by infected comc d 
be ef in Aberdeen in 1961). j J 


from faeces .or urine. Demonstration of 
antibodies is not conclusive 'evidence of current 
infection.- A third method, recently described, 
consists of the demonstration of typhoid bacill i 


anti cen m blood Or urine. 


A. Blond culture 


Bacteraemia occurs qnrlv in the disease a nd 
blood cultu res are positive i ^approxi mately 90 
per ce nt of cases m the Jts Lfteckjof-fever- T he 
popular belief tfinThiood culture for diagnosis of 
typhoid fever is useful only in the first week is 
erroneous. Blood culture is positive in approxi- 
mately 7 5 per cent of cases in t he sccrmdv.cck.6fl 
pe r cent in the third wee k jnJ'Z iTpcrccn t therc- 
af tcr Till the sub sidence of pyrexia. Blood cul- 
tures rapidly b^iffg ygathT rtnffrtfatmcnt witb^l 
chlo ramphenico l. / “ .. ^ ^ 
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Laboratory diagnosl 





Bacteriological diagnosis of enteric fever consists 
of the i solatio n of the bacilli from the patient and 


T 

3 *4 5 

Hg. 32.3 Laboralor) diagnosis of iJ-jiTijm 5 fever Tfte approxi- 
mate percentage? of tests found positive dunng different 
stages of ihe disease (from 1st tcr,5fh/week). A — 'Vidal 
agglutination B — Faeces culture C-^Bjpod culture. 


jOt-oJL o5, Of ~" r 
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About 5-lt>mLQLb)o pdJsjoll ec ted by. ven e- 
puncture and i noculated into ~a culture-bottle con, 
tain in g 50=100 .ml o f 0.5 per cent bile brot h.. Blood 
contains substances that inhibit the growth of the 
bacilli and hence it is essential that th g_ broth be 
taken in sufficient quantity to provide atjcait 
fou rfokf-drlttftmvftPvim^ . | lie ad Jit ion of liquoid 
(sodium pol vanethol sul phonafe) counteracts the 


reference centre for salmonellae of animal orb 


gin 


bactericidal action of blood 


is at the Ind ian Ve terin ary. ResearLk-Instltu^ 
I zatnaear _ 

If salmonellae are not obtained from the fj rs t 
subculture from bile broth , subcultures should be 
repeated every ot her day till growth js ohtainw t 
Cultures should be declared negativ e only af ter 
in cubation /or len day s. To eliminate the nsCof 
introducing contamination during repeated s^b- 


> G) , 

. After incubatio n overnig hl_al 37°Crthe bile i-dultures, and also for economy and safety, C a 
' broth is subcult ure^ nn Ain rCnnk ^ agar . Pale | taneda’sjiethod of culture may be practised^ 
nonlactose .fermenting colonies thaTmay^ppcar-^/this, a double medi um is used . The bottle of t^f e 
on this rnedi tfhi are picked out for - biochemic al 1 * broth fitistm agar slant on one side. After inocuj a . 
^tests nn d/frfotilny T 'Salmonella e will he~mq^g , tion of blood, the bottle is incubated in the 
'Tlndolc'and urenso-ffgentive 'and fcrmeotingglu- upright position. For subculture, the botlfe ,- s 
cose, manmfoT and maltose, but not lactose or merely tilted so that the bro th runs over the S i, r . 
sucrose. - The typho id kipi las-auJLbc nnnero - face of the agar. 1 1 is rcincu bated in the uprmh? 
genje, while o aratvphbicTOacilli w ill form ;icid_ position. If salmonellae are present, coionij sj^i 
ancTgas fronLSiigars. Identification of-theisplate appear on the slant. 

js by s litleagglntinntinn , A loopful of (he growth 'STTaUernam-eTcTKlood culture is the cjoU m. 


from an agarslop^jj em ulsified in two drops of jure. Here 5 ml of blood is withdrawn fronTTfjb 


from glucose), a loopful of typhoid O antiserum 
Tfactopft l is added to one drop of bacterial emul- 
sion on the slide, and agglutination looVetT for 
after rocking the slide'gently. Prompt agglutina- 
ti on indicate s that the isolate belon gs to Salmo - 
nella group D F Its identity as ,V typfn is estab- 
lished by agglutination with the flagellar anti- 
serum {am! : d\setum/.,Cm!ic oifen ifesri isoihics 
of S. typhl are in^he Vform and do not aggluti- 
nate with the O antisdrum. Such strains may b e 
tested for_agglutination against anti^^serum. 
Alternatively,' the growth is scraped off in a small 
amount of saline, boiled for 20 minutes and 
tested for agglutination with the O antiserum. 

Where the isolate is a nontyphoid salmonella 
(pr oducing gas from sugar s), it is tested for agglu- 
tination wnTTOji^^^^msem^rjuriu^^Band 
C.-For identification of unusual serotypes, tne 
help of the National Salmonella Reference 
Centre should be sought. The National Sal- 
monella Reference Centre in India is locate d at 


pattern into a sterile test t 1 
Thr- srrtiffl IS pipetted off an d nseri-for tkr With,; 
test . The cjxjushroken up. with a sterile glass r () j 
and added to aEoUle- of blfe - bro th. The incq ,-- 
poration of streptokinase ( 1 00 unit’s per ml) 

Tuofh fa Ctht a te s - l rsis-of t he clot. Clot cultut'gt 


yi eld a higher rate of isolation than blood cultuV s?Q) 
as the bactericidal -action of the serum is obvj a _ 
(ed. Another advan tage is that a s ample of ser tini ^ 
also brcnmefi-avrulahk. Even though in the ea^yN^ 
stages oTille oisease, aggibnhibs may de adser,|’ 
a Widal test provides’ a baseline titre agaip st 
which the results of tests performed later may V> e 
evaluated. 


Faeces culture: S almonellae are shed in tl 1f » 
faeces throughout the course of the disease. arf f f 
even in convalescence, with varying frequency. 
Hence faecal cultures are almost as valuable as 
blood culture in diagnosis. A positive faecal ci,|. 
ture, however, may occutjn cartels ns well as j„ 
patient s^ Isolation fro m faeces is successful frn m 
the egitestag&flf the dis ease right upto convale * 


_ cguce whe n enrichment and selective t7]et\ri 

the Central Research Institute, jftasnuly The jisetl. Repeated^amphng increases the rate pj- 
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isolation. Faecal culture is particularly valuable 
in patients on chloramphenicol as thedrus Poes 
nofelirmriate the bacillifrom the gut as rapidly as 
it does from the blood. 

As salmonellae are greatly outnumbered in 
faeces by the normal flora, successful culture 
depends on the use of enrichment and selective 
media. Rectal swabs are not satisfactory. Faecal 
samples are plated directly on MacConkey, DCA 
and Wilson-Blair media. The last is highly selective 
and should be plated heavilyrOn MacConkey 
and DCA media, salmonetlae appear as pate col- 
onies. On Wilson-Blair medium, S. typhi forms 
large black colonies, with a metallic sheen. 
5. mratvnhi A p roduces green colonies due to the 
absence of HzSjwoduction. 

For enrichment, specimens are inoculated into 
one tube each of selenite and tetrachionate 
broth, which are incubated for 12—18 hours before 
subculture onto plates. 

Urine culture: Salmonellae are shed in the urine 
irregularly and infrequently. Hence urine culture 
is less useful than the culture of blood or faeces. 
Cultures are generally positive only in the s egond 
and third week s and then only in about 25 per cent 
of cases. Repeated sampling improves the rate of 
isolation. Clean voided urine samples are cen- 
trifuged and the deposit inoculated into enrich- 
ment and selective media as for faecal culture. 

Other materials for culture. Isolation may be 
obtained from several other sources, but they are 
not of much practical importance except in spe- 
cial situations. Rfingjn arr o w cu ltu re is positive in 
most cases. Culture o fbile obta ined by-duodenal 
as piration is usually ppsjtive and may be employed 
for the de tecti on nf carriers. Other materials which 
may yield isolation at times are rose spots, pus from 
suppurative lesions; CSE an d sputum? At autopsy, 
cultures may be obtained from the gall bladder, 
liver, spleen and mesenteric lymph nodes. 

B. Widal reaction ^ 

This is a test for the measurement of H and O 


agglutinins for typhoid and paratyphoid bacilli in 
the patient’s sera^Two types of tubes are generally 
used for the test — a narrow tube with a conical 
bottom (Dreyer’s agglutination tube) for the H 
agglutination, and a short round bottomed tube 
(Felix tube) for the O agglutination. Equal vol- 
umes (0.4 ml) of serial dilutions of the serum 
(from 1/10 to 1/640) and the H and O antigens arc 
mixed in Dreyer’s and Felix agglutination tubes, 
respectively, and incubated in a water bath at JEQ 
overnight. Some workers recommend incubation" 
at 50°C-55°C. Control tubes containing the anti- 
gen and normal saline are set to check for auto- 
agglutination. The agglutination litres of the 
serum are read. H agglutination leads to the for- 
mation of loose, cottonwoolly clumps, while 0 
agglutination is seen as a disc-tike pattern at the 
bottom of the tube . In both , the supernatant fluid 
is rendered clear. 

The antigens used in the test are the Hand Q_ 
antigens of S. typhi and the H_ antig em of 
S. p aratyphi A and B . The 'paratyphoid O artti- 
gens awra (employed asrthey cross react with the 
typhoid O antigen due to the sharing by them of 
factor 12. The H mgclutinahte suspension is pre- 
pared by adding Orl-pbr cent formalin to a 
24-hour broth culture or saline suspension of 
an agar culture. For preparing the O sus pensio n, 
the bacillus is cultured on phenofagg r (1 :800) and , 
the growth scraped off uT asrtiall Volume of 
saline. It is mixed with 20 times its volume of 
absolute alcohol, heated at 40 ° 050 “C' for 
30 minutes, centrifuged and the deposit resus- 
pended in saline to the appropriate density. 
Chloroform may be added as .a preservative. 

It is important 'tousestandard smooth strains for 
antigen preparation. The strains used usually 
are the S.-Uphi^bh ‘O’ and ‘H’ strains. Each 
batch of antigen shahid be compared with a stan- 
dard/ 

V-J The resu lts of the Widal test should-be-jntcr- 
preted taking int o acco unt the following^ 
j/n I fie agglutinin litrewnbdepencfon the stage 
of the disease. Agglutinins dually appear by the 
end of the first we ek.- so that blood i akeii earlier 
may give a negative result. The litre increases 
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steadily till the third or' the f ourth w eek, after 
which it de clines grad ually. 

2. Demonstration of a rise in tit re of antibodies, 
by testing two or more scrum samples, is more 
meaningful than a single tost. If the first sample is 
taken late in the ‘disease, a nsc may not be 
demonstrable. Instead, a fall in titre may be seen 
in some cases. 

3. The results of a single test should be inter- 
preted with caution. It is difficult to Jay down 
levels of significance, though it is generally stated 
that titres of 1/100 or more for O agglutini ns and 
1/200 or m ore for I Lagglutini ns are significant. It 
is necessary to obtain information on the distri- 
bution of agglutinin levels in 'normal sera’ in dif- 
ferent areas, 

4. Agglutinins may be present on account of 
pri or disea se, fri appargnt in j cclifln_»iimrnunisa- 
tion. bfagglutinins persist longer than O agg luti- 
nins. S erum from an individual i p|munis ed with 
'Tab vaccine will generally have antibodies to 

S. jyphi, S. pnmt\ phi A and B. while in case of 
infection, antibodies' w ill be seen only against the 
infecting species. 

5. Persons who have had prior infection or 
immunisation may develop an anamnesti c 
response during an unrelated fever. This may be 
differentiated by repetition of the lest after a 
week. The a namnestic resp onse shows only a 
transient rU/» Mh.ir- in .-.nu-nr frvf r the rise is 
SPS Uined T 

6. Bacterial suspensions used as antigens sftou/d 
be free fromjimbry. Otherwise false positive 
results may occur. 

7. Cases treated early w ith chloramphenicol may 
show a poor agglutinin respon se. 

The popularity of the Widal lest in the diag- 
nosis of entcrictever is undeserved* considering 
its fallacies and shortcomings. 


C. Demonstration of circulating antigen 


Typhoid bacillus antigens are consistently pre- 
sent in the blood in the early phase of the disease, 
and also in the urine of patients. The antigen can 
be demonstrated by the sensitised staphylococcal 


coagglutination test . Staph, aureus (Cowan i 
strain) which contains p rotein A, is stabilis ed 
uat hTormaldehyde and coated with S. typiii any- 
body. When a 1 % suspension of such sensitised 
staphylococcal cells is mixed on a slide with 
serum from patients in the first week of typhoid 
fever, the typhoid antigen present in the scrum 
combines with the antibody atfached ‘to 
staphylococcal cells producing visible agglutina- 
tion \viihin_>wo minute*. The test is rapid, sensi- 
tive and specific, but i inot positive after th e firstV, 
week of the disease. Cm mten mmunoelectropho- 
rcsis and ELISA have also been used to detget 
typhoid antigen in blood and urine. 

D. Other laboratory tests " 

1) A white cell count is useful. Leucppenja 
wi th a relative lyinn hnrytpris is seen. E bsino phjls 
are said to be absent, but in the tropics, with a 
high incidence of helminthic infestation, eosino- 
phils are usually present. 2) Some workers have 
found the -diazo test of urine very useful. Equal 
volumes of the patient’s urine and the diazo re a- 
g ent a rc mixed in a test tube and a few drops of 
30% ammonium hydroxide add ed. On shaking 
the mixture, a frothy develops, which is red or 
pink, if the test is positive. The diazo reagent con- 
sists of Jwo stock solutions — solution A contain- 
ing sulph'anilic acid 0.5 g, Con. H 2 S0 4 5 ml and 
distilled water 100 ml, and solution B containing 
sodium nitrite 0.5 g fn distilled water TOO mf. For 
use, 40 parts of solution A are mixed with one 
part of solution B. The diazo reaction becomes 
positive usually between the 5th and 14th day of 
fever and becomes negative when the fever sub- 
sides. The test may be valuable where bac- 
teriological facilities are not available. 

Diagnosis of carriers , 

The detection of carriers is important for 
epidemiological and public health purposes. 
Laboratory tests are also useful in screening food 
handlers and cooks for carrier state. 

The identification of~fcf.raLr.artif.r s.is by isola - 
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TABLE 32.4 

Bacteriophage types or S. typhl Isolates from India tested In 1987-88 
(Data from National Salmonella Phage Typing Centre, 

Lady Hardinge Medical College, New Delhi ) 


Phage type 

Percentages of predominant phage 1 ) pes 
among Isolates from 

North India Central India South India 

A 

31 46 

51 

El 

14 11 

16 

O 

12 8 

9 

KI 

5 1 

6 


Phage types sporadically isolated. 0 Bl. Cl, C4, C5, DI, D2, D6. E2, 
EI4, FI, F2, F6, Jl, K3, LI. Ml, M3, 28, 38, 40, 42, 46 


jion of the bacillus from faeces^ or from bile. The lar strain of typhoid bacillus by serial propagation 
frequency and intensity of bacillary shedding in the strain Sucli adaptation was obtained b) 
vary widely and it is essential, therefore, to test phenotypic or genotypic variation. Atprcsent,97 
repealed. samples. Cholagogue purgatives increase Vi II phage types of S. typhi - are recognised As 
the chance of isolation For the detection of phage typing of S typhi depends on the presence 
urinary carr iers, repeated urine cultur es should of Vi antigens, a proportion of strains (Vt nega- 
te carried out. tive) will be untypablc. The phage type is stable. 

The Wnlal reaction i,s of no value. i n the dcicc- Aparl - TrOm“hclping"itnTifcing the source of 
lion of carriers in endemic countries. The epidemics, phage typing also provides informa- 
demonstration tif A^mglmlDirr 1 Tipshpi'nrl.iimffd tion on the trends and patterns in the epidenho- 
to in dicate the earner slikt While this is useful js !g~logy of typhoid at the local, national and interna* 
a screening lest, confirmation should be made by^tional levels. Phage typing is carried out at the 
culture National Phage Typing Centres and is coordi* 

The tracing of carriers in cities may. be njted by the Internationa! Reference Centre, 
accomplished by the ’ sewer-swab ' technique The National Salmonella Phage Typing Centre 
Gauze pads left in sewers and drains are cultured, for India is located at the Lady H ardinge Medical 
and by tracing positive swabs, one may be College, New Delhi. Tablc3Z3'shows the dis- 
led to the house harbouring a carrieV Another tribution tjf various phage types among typhoid 
technique of isolating salmonellae from sewage is bacilli isolated from different parts of India duv- 
fittration through millipore membranes and cul* mg 1987-1988 Phage types A and El arc the 
luring the membranes on highly selective media most common and are present throughout India, 
such as those of Wilson and Blair. However, the relative prevalence in different 

regions is subject to change from time to time. 

Bacteriophage typing. Intraspecies classification The preponderance of one or two phages in a 
of S. typhi for epidemiological purposes was region limits the utility of phage typing as an 
made possible by bacteriophage typing, first epidemiological tool. Additional markers have, 
developed by Craigic and Yen (1937). They therefore, been employed for the subdivision of 
found that a bacteriophage acting on the Vt anti* strains belonging to a phage type. These include 
gen of the typhoid bacillus "(Vi phage II) was l)Nicolle*s complementary phage typing of type A 
highly adaptable The parent phage is called strains into 10 types, 2) Kristensen's biotyping 
phage A. It could be made specific for a particu- based on fermentation of xylose and arabinosc. 
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3) production of tctrathionatc reductase. 4) bac- 
teriocin production, and 5) antibiogram. 

Phage typing has been applied also to S. para- 
typhi A and B. S. typhimurlum, S. enteritidis 
and S. duhlin. Among the S. paratyphi A isolates 
from India, phage types 1 and 2 are the most com- 
mon (Tabic 32.5). 

Prophylaxis : Typhoid fever can be effectively 
controlled by general measures, such as improve- 
m ents in sanitati on and provision of p rotecte d 
water supply. 

Specific' prophylaxis consists of v accinatio n, 
which was first popularised by Almroth Wright. 
The TAB v.io^ pR- which was «n general use con- 
tninoiT 5. tvplu 1000 millions an d S^paratvphi A 


The use of polyvalent TAB vaccine was an 
accident of history. It was introduced in that form 
in WorTd War 1,'as British troops had to serve in 
various parts of Europe, Africa and Asia where 
typhoid, paratyphoid A and B were endemic. No 
controlled field trial has been conducted with the 
TAB vaccine. In civilian practice, protection is 
mainly required against typhoid fever. If para- 
typhoid components arc considered necessary 
cither A or B may be added, but not both as only 
one of them is found in anyone area. Therefore, 
tj^ndja., TAB vaccine has been replaced by the 
divalent. UT>ho)d : Paraty'phoidv^ JVaccine. eliminat- 
ing naratyphoid-Biw hich is ycryfarc in the country. 

The efficacy of phenohsed typhoid vaccine has 
been established in controlled field trials. An 


nmt p 3511 mil lion* each per ml. ^illedft y hcating\£»lcoholiscd vaccine containing the Vi antigen 
at 5T£~6Q"C and prcscrs cdTn 0.5 per cent phenol J^fared poorly in field trials, though it gave good 
ThcVaccinc is given in two closes of 0.5 rn) s ub- nr^rtinn tme- in-iwwite Ui- 


cutaneously a t an interval of 4-6 wee ks. Local 
and general reactions lasting for one or tv. o days arc 
quite frequent. Such reactions may be avoided if 
the vaccine is administered in a dose of 0 I ml 
intradcrmally. In noncndcmic areas, vaccination 
is recommended for troops, medical and para- 
medical personnel. In cndcmicjrcas vaccinatioj 
is recommended for all children , in whom a sing! 
dose might give a dequate protec tion, which maj 
bcTmamtained for several years by the boostc l 
effect n Lrnpeatcd natu ral subclmical infections 


results irr mouse protection tests’ An acetone kil- 
led freeze dried vaccine was found to be effective 
in field trails. A recent (1986) field trial in Nepal 
using a single dose (0.25 gg) of Vi antigen gave 75 
percent protection. This holds promise. 

Oral immunis ation has been tried using Killed 
vaccine as enteric co ated tablets or live ^ accinc 
containing l^^om^in^deoendent strattLod ^ 
other mutant s. Recently the S. typ/i/fly 2th strain 
which is a stable mutant lacking the enzyme 
1 ipP-pnlartose-d-ppjpierasn (Gal E mutant) has 
leen used as a live vaccine. On ingestion it initiates 


TABLE 32 5 

Bacteriophage types of S. paratyphi A isolates from India tested in 1987-88 
(Data from National Satmonclla Phage Typing Centre, 

Lady Hardinge Medical College, New Delhi). 



Percentage of phage types among 

Phage type 

North India 

isolates from 
Central India 

South India 

1 

51 

64 

68 

2 

14 

26 

18 

4 

1 

1 

2 

6 

3 

3 

5 
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infection, but ‘ gelf-des tructs’ after four or five cell 
divisions, and therefonTcannot induce any ill- 
ness. A large field trial with the vaccine in Egypt 
gave very encouraging results, but subsequent 
experience has not been as satisfactory. 

Typhoid ba cillj ar e primarily intracellular 
parasites and £H~n^dinfeirifTtrminit v rather than 
humoral antibodies may be more re levant inpr o- 
tection against the disease./ Cell mediated 
itamamly develops during the course of the dis- 
ease. Cellular immunity to the typhoid bacillus is 
common in populations in endemic areas. 
Absence of CMI has been claimed to indicate sus- 
ceptibility. The killed vaccine currently used does 
not stimulate CM I. ' 

Treatment: Specific antibacterial therapy for 
enteric fever became a vailable only in 1948 with 
the introduction of ^hjoramphenic ol? Though 
S, ryp/if is susceptible in viTro to many antibiotics 
such as s treptomycin and tetracy cline, they are 
ineffective in vivo. ArnpiCiliih. an TPXyc illin, furo- 
zohdinc, and cotrimoxazole have been found 
useful in the treatment of typhoid fever. 

While antibacterial therapy has been so effec- 
tive in the ’treatment of cases, it has been disap- 
pointin g in the treatment of car riers. A combina- 
tion of anlibactefial therapy along with the va c- 
pine h as been tried in the eradicationof earn er 
state. This combination has also been used to pre- 
vent relapses. Elimination of the carrier state 
may require heroic measures such ascholccystec- 


Drug resistance: Though occasional resistant 
strains had been identified in the laboratory, re- 
sistance to chloramphenicol did not pose any 
problem in typhoid fever till 1972, when resistant 
strains emerged in Mexico and in Kerala-(India). 
In Mexico, the resistant strain caused an explo- 
sive epidemic, with high mortality. Travellers 
who got infected in Mexico Tiad, on occasion, 
conveyed the resistant strain to North America and 
Europe, but it did not get established in these areas. 
Chloramphenicol resistant typhoid fever has become 
a problem in many countrcis in South East Asia. 


In India, .chloramphenicol resistant typhoid 

(Kerala) in early 1972. It became endemic and 
was confined to Kerala till 1978. Subsequently 
resistant strains appeared in many other parts of 
India, though the majority of S. typlti isolates 
continued to be sensitive. In India, resistance was 
originally confined to phage type DIN, but latcrit 
appeared in types C5, A, O and others. Resis- 
tance has been due to a transmissible plasmid car- 
rying ^determinants to chl oramphen i col. Strep- 
tomycin. xiilphopamirie Pnri'l Ptraryd ine- Plasmid 
borne drug resistance has been seen,vcry rarely jn 
S. paratyphi also *^\\ 

Salmonella gastroenteritis •_ ■ V/T"*’ 


Salmonella gastroenteritis or food poisoning is 
generally a zoonotic disease, the source of infec- 
tion being animal p roducts. It may be caused by 
any salmonella excepfa.Ty$B . The first instance 
of salmonella food poisoning to have been iden- 
tified was.m 1888, when Gaertner in Germany 
isolated a bacillus (5. ententidis) from the meat of 
an emergency-slaughtered cow and from the 
cadaver of a fatal case of food poisoning caused 
by the meat. In 1898, Durham in England and de 
Nobele in Belgium isolated S. trynfiimunnm 
from meat and from lood poisoning cases. A very 
large number of salmonellae have since' been 
identified from cases of gastroenteritis and food 
poisoning, but a few species account for the 
majority of cases. In most parts of the world, 
S. typhimunum is the commonest species. 
Some other common species have been S. haldar, 
S. enteiitidii, S. heidelberg, S. agona, S. vir- 
cho\v, S. sefle/tberg, S. Indiana, S. oewport and 
S. anattim\ 

Human infectio n results from the ingestion of 
contaminated food The most frequent sources of 
salmonella food poisoning are poultry, jneatr* 
milk, cream and eg gs. Ijluman carriers do occur, 
but their role is minimal-when considered in rela- 
tion to the magnitude of infection from animals. 
Food contamination may also result from drop- 
pings of rats, lizards or other small animals. Gas- 
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troenteritis may occur without food poisoning as Salmonellae may be isolated from the blood or 
in cross infection in hospitals. f rom the p us from the suppurative lesion TFaeg es 

Clinically, the disease develops after a short quiturtTmay also sometimes be positive. Septi- 
incubation period o f 24 hours or less, with diar- caemic salmonellosis should be treated with 
rhoea, vomiting, abdomi nal pain an d fever. It j ihloramphenidol or other appropriate antibiotics 
may vary m seventy iromthe passageot onb or Its determined by sensitivity te^ts. 
two loose stools to ah acute cholera-like disease. 

It usually s ubsides i n 2-4 da ys, but in some, a Multi-resistant salmonellae 
more prolonged enteritis develops, with passage 

of mucus and pus in faeces, r esembling dysen- R factors conferring multiple drug resistance 
tery. In a few, typhoida! or septicaemia type of have become widely disseminated among sal- 
— fEveFmay develop. monellae. The clinical significance of this pheno- 

Labo ratory diagno sis is made by i solatin g the sal- menon was first observed during the studies of 
monella from the faeces. In outbreaks of food human and veterinary infections with drug resis- 
poisoning, the causativeartiele of food can often be tant S. typhimnrium phage type 29 in England in 
known by taking a pro per histo ry. Isolation of salmo- the 1960's. Human infections were initially gas- 
nellaefrom the article of food confirms the diagnosis, troenteritis due to spread from infected animals. 
Control of salmonella food poisoning requires through food. Subsequently, some salmonellae 
the pr evention of food contaminati on Food may appear to have changed their ecology in some 
become contaminated at various levels, from ways From being responsible for zoonotic infec- 
natural infection in the animal or bird, to con- tions only, as formerly, some multi-resistant sal- 
tamination of the prepared food groper cook ing monellae have now become important agents of 
of food destroys salmonellae. hospital cross infections. -Such nosocomial sal- 

Treatment of uncomplicated, noninvasive saldi.monellosis manifests particularly in neonates as 
monellosis is 'symptomatic. Amibintirs shn ntrilT septicaemia, meningitis and'sUppurative lesions, 
not be used. Not only do they not hastenreCov- Diarrhoea may not always be present. 
eTyrtrorfiiey may actually increase the period of In India, several hospital outbreaks of neo- 
faecal shedding of the bacilli. natal septicaemia caused by multi-resistant sal- 

monellae have occurred in recent years, as for 
Salmonella septicaemia example, the outbreak caused by alKliua m 

" ’ Calcutta from 1972, S.newport in Delhi during 


Certain salmonellae, S. cholera suis in particu- 
lar, may cause septicaemic disease with focal sup- 
purative lesion, such a s osteomyelitis, deep absces - 
ses, endocarditis^ pneu monia and meningitis. 



sent. The case fa tali ty may be as high as 25 per cent. 


1975-76, 5. bareilly in Chandigarh in 1978 and the 
protracted outbreaks caused by X typhintuntim 
in different parts of the country from 1978. Mor- 
tality in neonates is very high unless early treat- 
ment is started with antibiotics to which the 


infecting strains is sensi ti ve. 
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33 Vibrio 


Vibrios are Gram negative , rigid, curved rods strongly ae robic, g rowth being scanty and slow 

that are actively motile bv means of a polar fla cel- anaerobically. It grows within a temperature 

ium. The name ‘vibrio* js derived from the cha- range of 16 o C- 40°£ (optiTnumJ37°C). Growth is 

racteristic v ibrators- motility, i from— vtbmre. b etter ( nan allc^fine meHiimt -the range of pH being 
meaning to vibrate). They are asporogenous and <^^^6Joptimuing.2). Gro wth is inhibited hv 
noncapsulated. Vibrios are pr esent in marine 7% NaCI^» / 

e nviron ments and surface waters worldwide. The It'gfowsweH on ordinary media. O n nutrie nt 
most important member of the genus is Vibrio agary-a fter overnight growth, cpton ies are m oist. 
cholerae, the causative agent of cholera. It was translucent, round disks, about 1-2 mm in dia- 

ftrst isolated by Koch (1883) from cholera meter, with-a_bl»?sb tinpr in t ransmitted light. 

patients in Egypt, though it had been observed ^The growth has a distinctive odour. On MacCor P 
earlier by Pacini (1854)and others. -'key’s agar, the colonies are colourless at first, K uP— • 

^ ^become reddish on prolonged incubation due 'to 


Morphology : The cholera vibrio iSa short, f 
cu rved , cylindrical To d, abcjpt 1.5p. x 0.2 — D.-fp. 
m size, with rounded or slightly pointed ends. 

The cell is typically comm a shaped (hence the 
name V. comma ), but the “curvature is; often lost 
on subculture. S shaped or spiral forms may be 
seen due to two or more cells lying end to end. 
Pleomorphism is frequent in old cultures. In 
stained films of mucquTfiakes'finm acute cholera 
cases, the vibrios are seen arranged in parallel 
rows, described by Koch as the 'fish in stream* ^ 
appearance. It is activelyjnotile. with a single 
polar flagellum. The mntility is of the darting 
type, and wher^acut e_choIera sto ol or a young 
culture is examined under the microscope, the 
actively motile vibrios suggest a ‘swarnybf gnats’ 

The vibrios stain readily with amhnedyesand are 
Gram negative and nonacid f ast (Fig. 33.1) U: 


the late fermentaTionoi iacios~e 7~ DiTbldo tragarT 
colonies are initia llv^surroundedlbv^Tzong^nf ^ 
g reening, which later_ becomes clear due to 


- S >cv\ 

r )j \ 1 


> f 

. * >iv - 

t-' A - > 


Fig. 33.1 Cholera vjbno* 


Cultural characteristics: The cholera vibrio is Flagellar stain shoeing Jingle polar flagellum 
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haemodfgestion. In g elatin stab cultu re, infun- 
dibuliform or napiform liquefaction occurs in three 
days at 22 < ’C. I n peptone wa ter^growth occurs in 
about six hours as a fine surface pellicle, which 
breaks up on shaking into membranous pieces. 
Tur bidity and a powdery deposit de velop on con- 
tinued incubation. ^ ^ 

A number of special media have been 
employed for the cultivation of cholera vibrios. 
They may be classified as follows: ' « 


A. Holdin g or transport media : 1. Ve nkatraman- 
Ramakrishjian ( VR ) mediu m: A simplemodified 
form ofthVmedium is prepared by disso lving 20 
G crude sea salt a nd 5 G peptone in on e I jtre ofd is- 
tTTIecT water and adjusting the pH to 8.6-8.8 . It is 
dispensed^in screw capped bottles In '. 10—1 5 ml 
amounts. About 1-3 ml lifpol is to be_added to 
each bottle. In this mediu m vibrios do notmult i- 
ply, but remain viable for several wee ks! 

2. Ca ry-Blair medium : This is a buffered solu- 
tion of sodium chloride, sodium thioglycoHate . 
^ disodium phostmatiT and' calcium chloride at 
pH 8.4. It is a su itable t ransport medium for sal- 
^monella ari'd sT iipella as w ell as for vibridsc 


B. Enrich ment media • 




Alkaline 


peptone 

water at pH 8.6; 2) Monsu rYtaurocholate teHurite . 
p eptone water» pH 9.2. Bothlhese are good tran* 
port as well as enrichment media. */ 


C. P lating media • The classical selective media for 
vibrios^ Dleudonne’s (1909) blood alkali agar and 
Aronson’s (1915) sucrose-dextrin agar, are no 
longer in routine use now. 

1. Alha line_bile salt agar (BSA) pH 8.2: T his 
simple medium has stood the test of time and is 
still widely used. The colonics are similar to those 
on nutrient agar. 

2 Mon sur’s gelatin t a urocholate trypticase 
tellurite agar (GTTA) medi urn : Choferavibrios 
produce smalt, tra nslucent colonies wit hA g reyish 
bla ck centre and ajur bid hal o. The colonies 
become 3-4 mm in size in 48 hours. 

3>JTCBS medium: This medium containing 
thiosulphate, citrate, hr nmthymnl JJu eMd su- 


crostu s availa ble commercially and is very widely 
used at present. \Ch olera_vibrio s_pioduce_large 
y ellow convex colonies w hich ma y beepnife green. ^ 
on co ntinued incubati on. <r> 

Vibrio colonies may be identified by the ‘string 
test’ . A loopful of the growth is mixed with a drop 
of 0.5% sodium deoxycholate in saline on a slide! If 
the test is positive, the suspension loses its turbi- 
dity, becomes mucoid and forms a ‘string’ when 
the loop is drawn slowly away from the suspen- 

___ * at 

Biochemical reactions: Carbohydrate metabolism 
is fermentative , produci ng acid JmLaP gas . Cho- 
le ra vibrios ferment gluc os e, ma nni tol, m altose, 
mannose and sucrose, but not inositol, ara- 
bmose,- or lactose, though lactose may be split 
very slowly. Indole is formed andjutrates are 
r educed to nitr ites. ‘Incsc p7opertigscpjitiir 
bute to the ‘ch olera red JieScTioQ^Avhich is tested 
by adding Vrevr-dr3proGuIphuriqjacid_tp 
24-houT peptone water culture. With cholera vib-_ 
rios, a reddish pink colour is developed due to the/ ' 
formatio n ofrntroso indol^ Catalase and oxidasd U 
tests are positive! Methyl red and urease tests are- 
negative. Vibrios decarboxylate lysine and^f 
ornithine, but do not utilise arginine! Gelatin is < 
liquefied. Vibrios elaborate- several enzymes 
including collagenase, elastase, nucleotidase, de- 
carboxylase, lipase, mucinase and neuraminidase 
(receptor des’troymgenzyme). 

Two biochemical reactions of import ancejnjhe_^ 
classification of vibrios are the Voges-P roskau cr 
test and haemolytic activity? the cTassical cholera 
vibrio is V.P. negative and nonhaemolytic, while 
the el Tor vibrio, as Originally described is V.P. 
positive and haemolytic. The haemolysis test has 
been modified several times in an attempt to 
obtain uniform results. As 'recommended by 
Greig (1914), the test was done by incubating a 
72-hour broth culture of the 'test strain with 5% 
washed goat erythrocytes at 37°C for two hours 
and looking for haemolysis after storing over- 
night in the ice chestjAs modified by FeeJey and 
Pittman (1963), equal volumes (0.5 ml) of 
24-hour heart infusion broth culture and 1% 
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sheep erythrocyte suspension are mixed, incu- 
bated at 7>TC for two hours and examined for 
haemolysis after holding at 4 °C overnight. More 
consistent results are obtained when 1% glycerol 
is added to the broth as a stabiliser. Modifications 
have also been proposed in which haemolysis is 
tested by the plate method. 

Resistance: Cholera vibrios are susceptible to 
heat, drying and acids. It is destroyed at 55°C in 
15 minutes. Dried on linen or thread, it survives 
for 1-3 days, but on coverslips, it dies in about 
three hours. Survival in water is influenced by its 
pH, temperature, presence of organic pollution 
and other factors. In general, the el Tor vibrio 
survives longer than the classical cholera vibrio. 
In shallow well water at pH 7.6 - 8.8, their aver- 
age survival periods were 19.8 and 7.5 days, 
respectively. In the laboratory, vibrios survive 
for months in sterile sea water, and this has been 
suggested as a method for the survival of vibrios 
in nature. In grossly contaminated water, such as 
the Ganges water in India, the vibrios do not sur- 
vive for any length of time, due to the apparently 
large amounts of vibriophages present. They sur- 
vive in clean tap water for thirty days. In 
untreated night soil, they may survive for several 
days. Vibrios are suceptiblc to the common disin- 
fectants. The destruction of vibrios by chlorine in 
water is influenced by the extent of organic pollu- 
tion. 


On fruits, they survive for 1-5 days at room 
temperature and fora week in the refrigerator. ]n 
general, food materials left at room temperature 
do not act as important sources of infection for 
longer than a day or two, but those stored in the 
cold may harbour vibrios for more than two 
weeks. 

They are killed in a few minutes in gastric 
juice of normal acidity but they may survive for 
24 hours in achlorhydric gastric juice. 

Classification: In the past, many oxidase posi- 
tive, motile, curved rods had been rather loosely 
grouped as vibrios. Precise criteria have recently 
been suggested for differentiating vibrios from 
closely related genera (Table 33.1). Heiberg 
(1934) classified vibrios into six groups based on 
the fermentation of mannose, sucrose and 
arabinose. Two more groups have been added 
subsequently. Cholera vibrios belong to Group I 
0>ble33.2). 

fihe primary purpose of classifying vibnos is to 
distinguish between pathogenic and nonpatho- 
genic vibrios and the major problem is the identi- 
fication, definition and classification of the el Tor 
and the so-called NAG vibrios in relation to the 
classical cholera vibrios. 

The el Tor vibrios 

Got sch li chi 1905) isolated a vibrio from six H ai 


TABLE 33 1 

Differentiation of vibrios from allied genera 


Oxidation-Fermentation Utilisation of amino- 


Genus 

(Hugh-Leifson Test) 


acids 


String 

test 

Oxidation Fermenta- 
tion 

Lysine Arginine 

Orni- 
thine 1 

Vibrio 

+ 

+i 

•f 


+ 

+ 

Aeromonas 

, + 

+2 

- 

+ 

- 

V 

Pseudomonas 

+ 

- 

V 

V 

V 

- 

Plesiomonas 

+ 

+ 

+ 

+ 

+ 

- 


A'ofe : 1 = no gas produced; 2 = gas may or may not produced; 
V = reaction variable. 
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TABLE 33.2 

^Heiberg grouping of vibrios 


Group 

Fermentation of mannose 

Sucrose 

A ra binose 

I 

A 

A 

- 

II 

- 

A 

- 

III 

A 

A 

A 

IV 

— 

A 

A 

V 

A 

- 

- 

VI 

- 

- 

- 

VII 

A 

- 

A 1 

vm 

- 

- 

A 


pilgrims who had died of dysentery or gangrene 
of the colon at the Tor q uaranti ne station on the 
Sinai Peninsula. ThiTwas called the el Tor vibrio. 
It was iidentical to cholera vibrios in all respect s 
except that it was V.P. positive_ andJta emolvtic t 
As the el Tor vibrios were subsequently isolated 
from normal human intestin es and water sa m- 
ples. they were c onsidercdTo be npnpathogemc. 
In 1937. el Tor vibrios were isolated from an out- 
break of choleraic disease in Sulawesi (Celebes. 
Indonesia) Subsequently, el Tor vibrios were 
repeatedly found in Sulawesi, where they were 
responsi ble for an.en demic cholera-like disease . 
But outside this endemic area, el Tor vib rios con- 
linued to be considered nonpat hogenic^ Besides 
the V.P and haemolysis tests, several other 
criteria were proposed for differentiation bet- 
ween the el Tor and classical cholera vibrios. 
These have included Tanamal’s soda serum 
agglutination and flocculation tests. Wahba and 


Takla’s copper sulphate flocculation , Gispen's 
heat agglutination . Mayer’s chloroform agglu ti- 
nation tests, Gan and T)ia's trypsin test , 
Tomisawa's aldehyde test and others. 

In 1961, the problem of differentiation bet- 
ween classical cholera and el Tor vibnos assumed 
great practical importance following the spread 
of p athogenic el Tor st rains from Sulawesi to 
other parts of South East Asia. This marked the 
beginning of the seventh pandemic of cholera, 
which has yet to subside, being active even now in 
many areas. The strains isolated early in 
the pandemic were haemolytic vibrios, but from 
late 1962, the majority of the 'isolates has 
been nonhaemolytic. ( Due to the inconstan t 
results in haemolysis a nd other criteria for 
distinguishing between el Tor and classical ch o- 
lera vibrios, new meth ods had to be developed. 
The following criteria are used at present 
(Table 33.3). 


TABLE 33 3 

Differentiation between classical cholera and el Tor vibrios 




Haemolysis j 
^Voges-ProskaueA/ 

. / Chick erythrocyte agglutination 
Polymyxin B sens itivity 
^OronpIV pfiage susceptibility 






llassical cholera el Tor 


©I 

©I 

© l 




1L 


Note : @ — Strains isolated after 1961 give variable results. 
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UsGhick red cell agglutination test: A loopful from 
•-"an a gar culturcj s emulsified in a dro p of saline o n 
a slide and a drop o f 2.5% ch ick e rythrocyt e sus- 
pensio n adde d. Clum ping of the erythrocytes 
within a minut e dcnotes~apositTvelest. All elTor 
strains are positive and classical cfioTcra vibrios 
negative. 


2. Sensitivity to polymyxin D: Tliis is tested by!he_ 
disc diffusion method u sing discs containing. 
5!) un i ts-rJah e a ntibi otic. All strains of classical 
cholera vibrio arc sensitive to polymyxin at this 


concentration and all strains of §1 Tor vibrio resis- 
tant. Occasional exceptions have been observed. 

3. Sensitivity to cholera phas e_grou p IV: All 
strains of classical cholera vibrio are lysedjjy 
Mukerjee's group IV phage at routine test dilu- 
tion, while all el^Tor strains are insusceptible. 
This is considered to be the most dependable tes t 
now available for differeriKalwg between efTor 
and classical strains. Differentiation between 
them is no longer important in laboratory diag- 
nosis of cholera as both can produce clinical ill- 


TABLE 33.4 

Antigenic classification of vibrios according to Gardner and Venkatraman 


Group A. Cholera and cholera-like_ 
vibrios. _ > — ) 


General biochemical similarity 


VIBRIO 

-JM 


* Group^B. Unrelated to cholera vibrios?-'" 
J ^biochemically and antigenicall^) 
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ness, but the distinction is of epidemiological sig- 
nificance. 

Nonagglutlnable (NAG) vibrios / 

Gard ner and Venkataraman ( 1935-36) presented 
an antigentccla ssificari on of v ibrios (Table 33.4). 
They were 3tvide31nt5two large groups, Group A 
consisting of cholera vib rios and biochemica lly 
similar vibrio s possessing a c ommon H antigen , 
and Group~B~a~heTerog eiTeoi is collection oLvib- 
rios ]3istincT7mm_G roup‘TA _ biochemicaHyand 
amigenicatty. 

Group A vibrios were divided into six sub- 
groups, I to Vf , based on , the O .antigens. Vibrios 
belonging to O subgroup I were further divided 
by th e Grcigtcst into the nonhaemolytic cholera 
vibrios and theliaemoly tic el Tor vibrio^, both of 
which were antigenically indistinguishable^ 
Based on differences in minor O antigens, both 
haemolytic and nonhaemolytic O subgroup I vib- 
rios were divided into three serotypes — Ogawa, 
Inaba and Htkojima^Jable 33.5). 

TABLE 33 5 

O serotypes of cholera vibrios 


The classification of cholera, el Tor a n d NAG 
vibrios is controversial. Taxonomists contend 
that all of them should belong to a single species, 
V. cholerac, subdivided into four biotypes. 

V. cholerae biotype cholerae — the classical , 
cholera vibrio 

V. cholera e biotyp e el T gr — the el Tor vibrio 
V. cholerae bioty pe proteus — NAG vibrios. 
y. cholerae b iotype albensis — water vibrios 
On the other hand, it has been suggested that 
V. cholerae and V, el Tor should be considered as 
as two distinct species. For practical purposes, it 
is convenient to classify these vibrios undeT 
three headings — classical cholera, el Tor and 
NAG vibrios, the first two being biotypes, each 
of which consists of three serotypes — Ogawa, 
Inaba and Hikojima. 

Bacteriophage typing schemes have been 
developed for cholera arid el Tor vibrios. Classi- 
cal cholera vibrios are classified into five types, 
using four phages. They are lysed without 
exception by Mukerjce’s phage IV. 

TABLE 33 6 

Phage typing scheme for classical cholera vibrios 


Serotype 

O antigens 

Ogawa 

AB 

Inaba 

,AC 

fiikojima 

ABC 


Vibrios resembling V. cholerae, but not agglu- 
tinated by O subgroup I antiserum were consi- 
dered to be of no medical importance and were 
called nonagglutinating or NAG vibrios v They 
are also known as non cholcra vibrios or NCV 
They have been, from time to time, associated 
with outbreaks of diarrhoeal or choleraic disease. 
Some strains of NAG vibrios produce an entero- 
toxin essentially similar to the cholera toxin. 

Group A vibrios have been classified into over 
100 subgroups based on O antigens. Subgroup I 
contains cholera vibrios while the others are 
NAG vibrio s. All the subgrou ps pos sess the same 
Hamieen. ' 


Phage type 


Sensi tivity to phage group 

i n in rv 


+ + 


The el Tor vibrios have been classified into six 
types using five phages. All strains are suscepti- 
ble to phage V (Table J3.7) . 

A preliminary phage typing scheme has been 
developed for NAG vibrios, The International 
Reference Centre for vibrio phage typing is 
located at the National Institute of Cholera ana 
Enteric Diseases, Calcutta. Many strains of vib- 
rios produce bacteriocins (vibriocins). Vibriocm 
typing methods are being developed. , , 
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' ' * TABLE 33.7 

Phage Ijping scheme Tor el Tor vibrios 

Sensitivity to phage group 

Phage type 

• I II III IV V 

1 ' +, + 

2 + + 

3 + + 

4 + + 

5 + 

6 + 



Cholera is an a cute diarrhoea! diseas e caused 
by V. cholerae. In its most severe form, cholera is 
a dramatic and terrifying illness in which profus e 
watery diarrhoea and vomiting m avJeadiQ-hvDo- 
vol aemic shock and death in less than 24 hou rs [n 
t reat ed cases, the disease may last 4^Tdays , 
during which period the patient may pass a total 
volume of liquid stool equal to twice his body 
weight. All of t he clinical features of severeeh n- 
ler a resulf from the loss of large vo lumes of diar- 
rhoea! fluid, which is bicarbonai e-rich isotonic 
el ectrolyte solut ion. This leads to diminution of 

h ypokala emia. b ase-deficit acidosis a nd shocks 
The common complications are musculancramps . 
r enal failure , p ulmonary oedem a, ca rdiac arrhy- 
thmias-a nd paralytic ileus. i 
• Tlie clinical severity of cholera varies widely. 
from the rapidly fatal disease to a transient 
asymptomatic colonisation of the intestine by the 
vibrios. The incidence of mild and asymptomatic 
infeqionsJ s-niore with el Tgr vi brios tlraiL with 
the classic al .cholera vihaos . NAG vibrios may 
sometimes prod uc e a disease effntcaffv inefist rn - 
guishable from cholera . Thg_sai nc clinical pict ure 
may -some times be caused by enteroto xigenic 
£■ coli and, in some outbreaks, no pathogen can 
bculexiiified. - 

Thel ncuhatio imenod . v aries. from less than 24 
hour s to about five d avs. The_Chnical illness may 


be gin slowly with mild diarrh oea, in 1-3 days or 
a bruptly with sudden massive diarrhoe a. Al- 

fa ecal material, subsequent stools rapidly assum e* 
the Tice water' appearance, with flecks of mucu s 
in a colourless fluid . The stool has a fishv odo ur 

which-startsjdong^vilh-dia iThoea. is copious, co n- 
s isting of a clear, waterlv" fluid secreted_bv th e 
upper part oftheofthesmallintestine . 

Pathogenesis : Cholera occur s only in man. Pat- 
entee! jnoculation-of-vibriasjnta^icejTrother 
laboratory animals may produce a fatal bacter- 
aemia. This bears no resemblance to the natural 
infection. In recent years, several animal models 
of cholera which resembles the human infection 
have been developed. In the rabbit intestinal loop 
model of De and Chatterjec (1953), cholera cul- 
ture or a toxic filtrate is injected into the lumen of 
a ligated ileal loop. Within 24 hours, the loop 
becomes ballooned due to accumulation of fluid 
thauesembles cholera stool in composition. The 
intestinal loops of many other species of animals 
and of chicken have been found to respond m the 
same manner. 

Dutta and Habbu (1955) found that when in- 
fant rabbits (less than 16 days old) are infected 
with vibrios peroraliy or intraintestrnally. they 
develop a fatal diarrhoea in 12-24 hours. The 
canine model, which comes closest to the human 
disease, was developed by Sack and Carpenter 
(1966). When dogs are infected with cholera vib- 
rios through a stomach tube, after neutralisation 
of gastric acidity with bicarbonate, they develop 
vomiting and diarrhoea after an incubation 
period of 6-1S hours. The disease is fatal m about 
90 percent of untreated dogs. 

In human infection, the vibrios enter ora lly 
throu££rantammatefT6wd]pLUrin?r7713ieysur' 
vive the bam iaraaLgastrioaciditV-thev multiply in 
t he alkaline con te_nts,of thfi-Small intestine Vib- 
rios do not pen etrate deep. into Jhe-cut-wall^ind 
do not invade the blood stream. thpugh_they may 
infect the gal f Bladder . The’actual mechanism of 
the pathogenesis was clarified only in recent years; 
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Based on autopsy findings, it was suggested by 
Virchow (1897) that the vibrios caused denuda- 
tion of the intestinal epithelium, and thatlhe out- 
pouring of fluid took place through the damaged 
mucosa. By I960, it was established that the 
m ugo sa remained intact in chol e ra and that the 
chang es described earlier were postmortem, 
phenomena. I t was also suggested thaU he.fliiitl 
accumulatio n may be due to an exotoxin 


ganglioside receptor on the host cell membra ne. 
Fraction A can be dissociated into two polypep - 
tide chains termed A1 and A2. The A1 subunit is 
t he part responsible f o r .activation _nf -artepyl 
c yclase ., 

"^The exo tnxin can he toxoide d. Both toxin and 
to xoid are antigenic. The antitoxin specificall y 
neutralises both enterotoxin and PF activities 
Antitoxin is formed following natural infection 



ti ne results in stimulation of celljtounj l^d e nvl^ 




tiveLSecretion of large volumes of fluid 


isotonic with plasma, but contains relative ly 

.ntq.rg.-N a and HCOyand less Cl. A spirin, indo r 

methaan,-chlorpromazjnc_and_ethacoriicjLCid_ w 
i nhibit the secr eto ry effect of cholera toxin in ani- 
jualmottek. 

Besides enterotoxjc activity, the chol era toxin 
also has the property of increasin g capillary per- 
meability. When theJQxiqiS-ini ected intraderm allv 
i n fahbits or g uinea ptgsand a suitable dy e, such as 
pontamine skybluejnjected intravenousl y after- 
wards, the-skinJ^tUhouOLtoxituhjecuon 
becomes .blue. This toxic activity is known as the 


.n atural dise ase. It is responsible for the fatal dis 
ease produced experimentally by parenteral 
inoculation in mice. 

Epidemiology: Cholera has been endemic in the 
Ganges and Brahmaputra deltas in Bengal from 
.very early times'. Till the nineteenth century, 
cholera was confined to its endemic areas. Bet- 
ween 1817 and 1923 cholera spread far and wide 
in six pandemics, over most of the world. It was 
largely due to the threat of cholera pandemics 
that international health organisations came into 
being. Between 1923 and 1961, the disease 
remained confined to endemic areas, except for 
one isolated epidemic in Egypt in 1947. The most 
recent pandemic, the seventh, originated from a 
focus in Indonesia and by 1966 had encompassed 


v ascular permeability factor (PF) . the whole of Asia (Fig. 33.2). 

I he cholCrff^xoTbxin is a protein with a mole- The seventh pandemic has been caused by the 
cular weight of 84,000, de stroyed at an acid p H. by el Tor vibrio in contrast to all the previous pan- 
heat ing at 56 °C for 3Q minutes and by treatment demies which were due to the classical cholera 
t gmrj pronase.jbut nbTb'v-trvos irijIt is composed vibrio. There are several distinctive differences 
of two fractions. _ A facr/ve) an d B (binding ) . between the epidemiology of el Tor and classical 
Neither-fractiof ^alonc e x hibits any si gnificant cholera. Infection with cl Tor vibrio leads to a 
iqsicity^UTajtlUluce-of^hEjwoiliqxicTIrrac- larger proportion of mild cases, higher incidence 
tion B is the part responsible for binding to th e of carriers and greater chances for endemicity as 
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SOURCt: fROM WORLC HULTM ORCAHtZXTlON , 

wcc*ar c«cci«oi.OGic*t «coi*», 
stcono semes 


llg. 33.2 Extension of cl To? Cholera. 1961-1978 (Courtesy Dr Paul A. Btake, Deputy Chief, Enteric Diseases 
Branch, CDC. Atlanta. Georgia. USA ) 

some areas of Ihc Philippines, Ibe cholera and 
monsoon peaks coincide. The reason for the sea- 
sonal patterns is not known. Epidemic cholera 
has been associated with fairs, festivals and other 
large congregations, during which sanitary 
jtmNrgematts AJvsvs? A? iwsaiisfortotj ■. 

Two types of epidemic situations are recognis- 
ed in cholera, explosive and protracted. In the 
explosive type, a common source or a common 
vehicle can usually be identified. Typically, a very 
large number of cases appear in a community in a 
short period of time. A typical explosive epi- 
demic was the Broad Street pump episode of 
1854, which was due to the pollution of water ih 
one well and w hich w r as controlled by the London 
anaesthetist John Snow by the simple expedient 
of removing the handle from the pump Snow’s 
work is a classic in practical epidemiology. The 
protracted epidemic, on the other hand, lasts for 
ion^ periods, with only a few cases per day. Th^ 


compared to classical cholera The cl Tor vibrio is 
hardier and is able to survive in the environment 
longer. A peculiar consequence of the seventh 
pandemic has been that wherever the cl Tor vib- 
rio has caused longstanding infection, in all those 
«?r<r«w it Avrs" cftkpibvvtf ihc cisssccsf rthrk/s ccnrt- 
pletcly. Thus, in India, classical cholera strains 
are hardly ever encountered now, almost all the 
isolates being Ihe el Tor type. However, in 
Bangladesh, classical 1 4 choferge staged a com e- 
back in 1982 and replaced el Tor vibrios in m any 
areas. 

Epidemic cholera has a seasonal distribution, 
the epidemic seasons being different in different 
areas, but constant in any one area. Thus in 
Dacca, Bangladesh, the cholera season follows 
the monsoon and reaches a peak during November 
to January, bu t in Calcutta, the epidemic reason 
is in the hot, drv'montBsof March to May and thp 
"biseasc wanes with the onset of rains m June. In 
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mode of transmission is not well understood, but 
may be due to contamination of a large body of 
water , such as a river . 

In cholera, transmission by person to person 
contact is unimportant. Transmission is main- 
tained by a cycle involving the vibrio excretor and 
(he environment, particularly a water source. 
Vibrios do not survive for any considerable 
period in water, so the water source should be . 
repeatedly contaminated for it to act as a pro- ' 
longed source of infection. The only natural res- 
ervoir of infection is man. Both convalescent and 
chronic carriers exist. In the chronic carrier, the 
vibrio survives in the gall bladder and is shed ' 
intermittently, particularly when the carrier suf- 
fers from diarrhoea. Occasional chronic carriers 
may continue to shed the vibrios intermittently 
for several years. The half life of vibrio excretion 
is about four days in healthy and seven days in 
convalescent carriers. Fomites and vectors (flies) 
do not seem to be important in transmission. 
Relatively large doses are necessary for infection 
to be established, the 1D50 in human volunteers 
being 10* for vibrios, as compared to 1(P for 
shigella and KHfor-S. typhimurium. 

Cholera is essentially a disease of poverty and 
jnsanitation and affects preferentially the poorer 
nations and persons. The advanced nations need 
have little fear of cholera now because methods 
of effective treatment exist, and the stray im- 
ported case is unlikely to lead to an epidemic in a 
community with effective sanitation. During the 
westward spread of the seventh pandemic, the 
cl Tor vibrio had been seeded into many Euro- 
pean countries and in the U.S.A. and Australia, 
but epidemics have resulted only in the under- 
privileged areas. Outbreaks of el Tor cholera 
have occurred in Louisiana and Florida, USA, in 
197R and 1976, the source having been reported 
as crustaceans — crabs and shrimps. In endemic 
areas, cholera is seen mainly in children as adults 
are immune due to prior contact, while in places 
where cholera is newly imported, it characteristi- 
cally affects adults. 

laboratory diagnosis: The importance of lab- 


oratory diagnosis of cholera is not so much for the 
treatment of individual cases as in facilitating 
cholera control by the early detection of infection 
and determination of the epidemiological fea- 
tures of an outbreak. For this to be effective, 
laboratory facilities should be made available lo 
all parts of the 'country. This can easily be 
, achieved by organising cholera diagnosis at 
various levels, ranging from the paramedical 
..personnel for collection of appropriate speci- 
mens in the field,* to the Central Reference 
Laboratory. 

StooK co l lected in the acute s ta ge of the dis- 
ease. befo r e administration of antibiotics, is the 
most valuable specimen forJa boralo rv diagnosis - 
Isolation of cholera vibrios from stools is a simple 
matter as they are present in very large numbers. 
1(K'~10 9 vibrios per m l. The specimen is best col- 
lected by introducing into the rectum a No.26or 
28 rubber c ath eter lubricated with paraffin and 
letting the liquid stool flow" directly into a screw - 
capped container Re ctal swa bs rmV-bc^used. 
pro vidccTthey are m a de with go od quality JOilftn 
svooTTl hsorM r^bout.QJ^P^ ml _ofiIuid. They 
are useful in collecting specimens from convales- 
cents who no lon ger have watery diar rhoea, and 
in such cases, the swabs sh ould be moistened w ith 
the t ransport medium before samplin g. Collec- 
tion of stools from pans is not reeqpimcnded. 
Vomitus is not useful. Pi eces of _clQthin£_SQ.'te^ 
with faeces and the contents of the smjjl_j n,es * 
tines of dead bCtHe s may beuseJlorculturc i fthc 

situ^tiopriemands./^ 

As cholera vibrios may die in a fe w hou rs at 
t ropical temperatures, it is necessary l aprcseP 6 
the specimen at 4"C or in some appropria tejiflld- 
ing medium. Stool samples may b e preserved in 
VR fluid or Cary- Blair medium for long periods. 
lube specimen can rea ch the labor atory in a f ew 

hours, it ma y be transported in enrichment medi a 

suen as alkaline peptb rtC water or Mons ur^ 
mediu m, uius saving the time required for «ola- 
tion'nt tran sport med ia arenot available , strips 
of .blotting papcr'rnflv Heji aak cd in _the_wajgry 
stool and sent to t he laboratory packed in plas tic 
envelopes. Whe never possible, specimens should 
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be plated at the bedside and the inoculated plates 
sent to the laboratory. y 

Diagnosis by direct microscopic lamination 
of cholera stool is not recommen ded as the r esults 
are noTreliable For rapid diagnosis, the charac- 
tcristicjnotihty of the vibrio and its inhi5ition~by ~~ 
. antiscnTny/Can be 'demonstrated under the dark 
fi cld oTnhas^ contrasnuicroscopc , usTmf cholera 
stool from acute cases, or mo re reliably after 
e nriehment for six hours. Demonstration of vibnos 

in stools by direct immunofluorescence has been 

a ttempted , fTu t ~nonspecifi(j / nuorescence is com : 
mori an d (he technique is too complicated for use 
.in t he fiel d. 

On arrival in the laboratory, the s pecimens 
sent jn enrichment media shoul d be incubated for 
6-8 hours i nclud ing transit time. The specimens 
senTin~ Holding mctfia~|hotild~be inoculated into 
en richment m ctlia.tb' be incubated for 6-8 hours 
be fore being streaXcdon a selective an d a non- 
scle ctivc medium . fMs also desirable to do direct 
plating before enrichment. The plating media 

used vary indiffere nt laboratories, bu t lhc media 

employed usually a r c bile saltxfear. m e at exifaet 
gear or eelatm.a ga r for nonselec tive and Man- 
sur's GITA mediu m o r TCDS agar for se le ctive 
plates. The plates should not be older than 
3-5 days and should be well dried before streak- 
ing. It is possible to iden tify vibrio colo nics on 
nonsdecti vc media after incubation for 4-5 hour s 
by examination under a st ereosc o pe with ohlia ue 
illumination. ~GcheTallv7th £ plates are examined 
after overnig ht incubation at 37 °C. Colonies sug- , 
gestive of vi brios should he picked with a straight 
wir e and tes te d by slide agglut ina tion with choT" 
er a O sub groupT serum (c holery noindifferent jaF 
scyurr^l. If positive, agglutination should be re- 
peate d using nonspecific Ogawa and Inah aicia 
for^serotvpmg. Hikojima strains will agglutinate 
equally well with Ogawa and Inaba sera. If agefu- 
tination is negative with one colony, it is essentia l 
to repeat the test with at least five more col oaks, 
as agglutinableand NAG vibrios may coex ist in 
the sa me sperim ea. Tf sl idVaggluti nation is post - 
five', the isolateis tes ted for chick red cell agglut i- 
nation. This is* employed for presumptive dif- 


£> 

ferentiation between el Tor and classical cholera 
vibrios. A report ca n fie sent at this stage , usually 
the day after the s p ecimen is received. I f n o vib 7 " 
r ios are isolated, a second cycle of enrich ment^ 
and platingmay succeed in some cases. 

The isolate is then subjected to detailed study, 
including the oxidase t est, uti lisation of am ino 
ac ids, lysin e, arginine an d ornithine, fe r mentatio n 
of sugars in clud ing sucrose , mannose and 
arabinose , h aemolysis , VP, polym y xin B sen - 
sitivity and s usceptibi lit y to choler a phage IV . 
TKe st rain may be sent to the International Refer* - 
ence Centre for vibrio phage typing at the^ < 

National InstituteofXholcni and Enteric Dis- 

eases (NICED) a^alg utfST ^ 

Isolates of vibrios that are not ngelulinnted hy 
the O subgroup I serum sh o uld not be ignored as 
NAG vibrios are kno w n to produce choleni-hkc 
disease. An antiserum to the H anti gen which is 
s hared bycholera and all NAG vibrios has been 
f ound to be a u s eful reagent. Ati v vihno which is 
a gglutinated bvthis H antis er um, but not bv ch ol- 
e ra O subgr oup 1 antiserum , is considered to b e 
a n NAG vibr io. In t he fullv equipped l a boratory , 
diagnostic tests in cholera and other diarrhoea! 
diseases shouj^ consist of a battery of tests 
designed to isolate other known pathogens also. 

For isolation of vibrios from carriers, essential- 
ly the same techniques are to be followed, except 
that more than one cycle of enrichment may bd 
necessary. As vibrio excretion is intermittent,! 
repeated stool examination will yield better 
results. Examination of stools after a purgative 
(magnesium sulphate 15~30GorMannitol30G); 
or of bile after duodenal intubation is of special 
value. 

Serological examination is of litth use in diag- 
nosis of cases though it may be helpful in asses- 
sing the incidence of cholera in an area. The test s 
available are’ agglutination using live or killed* 
vibrio suspensions, indirect haemagglutmafionT’ 
vibriocidal test and antitoxin assay. Of these, the 
complement dependent vitfHocidal antibody test 
is the most useful. 

For examination of water samples for vibrios, 
enrichment or filtration methods may be employ- 
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ed. Jn the former, 900 ml of water are added to 
100 ml tenfold concentrated peptone water a t 
p H'9T?Tincubated at 37°C for6-S hours and a sec- 
ond enrichment done before plating on selective 
media. For the filtration technique the water to 
be tested should be filtered through the Mithpore 
membrane filter," which is then placed directly 
on the surface of a selective medium and incu- 
bated. Colonics appear after overnight incuba- 
tion. Sewage should be diluted in saline, filtered 
through gauze and treated as for water. 

In cholera, the vibrios remain con- 

*Tmedto the intestine, where they multiply and 
elaborate the enterotoxin, which is responsible 
for the disease. Immunity, therefore, may be di- 
rected against the bacterium or against the toxin 
— antibacterial or antitoxic. Natural infection 
confers some amount of immunity , but it does not 
seem to last for more than 6-12 months and re- 
infections are known after this period. 

Immunisation with killed vaccines induces only 
antibacterial immunity. The protective effect of 
these vaccines, though shortlived, and especially 
of purifie d somatic antigens used as va ccines, 
proves that antibacterial immunity can protect 
against infection. The protection appears to be 
serotype spccific^b ut not biotype specific. Anti- 
bacterial immunity does not appear to reduce the 
seventy of the disease once the immunity is over- 
come and the disease sets in. It also does not seem 
to prevent the carrier state developing. Anti- 
bactcriai immunity can be measured by agefufi^* 
nation, passive b aemagglutinationor vihriocida l 
antibo dy tesi s.~ r 1 1iese' 'antibod ies Ji re often seen 
widely distributed even in areas where- chokrais 
not endemi c'. These low litre antibodies may 
develop as a result of contact with cross reacting 
antigens. 

JL Injection of the toxin or formol toxoid in 
^experim ental animals and human volunteer s 
induces formal ion o f antitoxin . Antitoxin may be 
assayed in vivo by neutralisation tests i n intestinal 
loops or on rabbit skin or in vitro by passive 
hacmaggluimation Antitoxic immunity has been 
shown to protect dogs against experimental chol- 


era. As the toxin produced by different serotypes 
and biotypes of cholera vibrios is antigcmcally 
identical, immunisation with any cholera toxin 
would apparently protect against infection by any 
type of cholera vibrio. The various aspects of 
antitoxic immunity are under study. 1 

Immunity may be local, Jnthe_intestine u or sys- 
temic. The appearan ce oriocal antibodies in th e 
intest ine~H as~ been known for a long tim e. These 
arc Known as 'copr o antibodies’ as they appear in 
the faeces. They consi st of IgG.lgh^andlgA . ' 
- -- •— v lS , 

Prophylaxis' The prevention of cholera requires 
essentially general measures such as provision of 
protected water supply and improvement of 
environmental sanitation. But as these are not 
easily attainable, vaccination continues to be the 
most widely used method of prevention in 
endemic areas. 

Cholera vaccines were introduced by Fer/an 
within a year of the discovery of the vibrio. The 
original vaccines were live suspensions of vibrios. 
As they gave rise to adverse reactions, they were 
replaced by killed vaccines. The vaccines routine- 
ly used now are killed suspensions containing 
8000 millions. V. cholerae per ml, composed of 
equal numbers of Ogawa and Inaba serotypes. 
Many laboratories employ classical cholera and 
el Tor vibrios in equal numbers in the vaccine. 
The concentration of the vaccine haS been in- 
creased to 12,00 0 million per m l, in orderjo 
improve thfantigcnic stimu lus. 

Several controlled field trials have been con- 
ducted with various types of vaccines in Calcutta, 
Bangladesh and the Philippines. Their results in- 
dicate that the degree of protection afforded by 
the vaccines in current use does not cxc<*ed50-60 
per cent; the duration of protection is only 3-6 
months; the rate of protection in endemic areas 
increases with age; a single dose of vaccine is 
ineffective in children below five years of age w hHc 
two doses at 1-4 week intervals are highly protec- 
tive; a single dose confers good protection ui 
adults due to its acting as a booster on top of prior 
natural immunisation; cell-free somatic antigen 
preparations arc as effective as whole cell vac- 
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cine; iherc is good cross projection between clas- 
sical and el Tor vibrios; the cross protection bet- 
ween Ggawa and Inaba serotypes is do ubtfu l and 
requires further study, p endin g which v a ccine 
containing the homologous _seroiype-is-to_be 
employed. Recent de vel opm cnLs_in--kilIed_y ac- 

and of adjuvants. It has been reported that belte r 
protection ma v be achieved if monovalent va c- 
cine of th e serotype causing e pidemic s in the area 
is employed instead of the bivalent vac c ine, bu t 
this need s conTirma t i o n . Moreover, the serotypes 
respo nsible mav change unexpectedly. Oil adju- 
vant vaccines have b e en fou nd to gi ve m ore last- 
ing protection, but they cause unacceptable local 
reactions. Ajj pninftim hydroxide and phosphate 
a djuvant vaccines have been shown to induce a 
high d egree of immunity, particularly in young 
childrenT* 

The use of live vaccines, orally, has been re- 
commended on the ground that they give rise to 
anti bacterial and antitoxic immunity as well as 
lo cal immunity in the intes tine. While attractive 
in concept, it has not been possible to develop 
suitable vaccine strains that are at the same time 
avirulcnt and capable of multiplying in the intes- 
tine after oral feeding. The development recently 
of a stable mutant of the cholera vibrio which 
produces only fraction B of the toxin without 
fraction A has been claimed to be a breakthrough 


'\ 0 ^ 
in this respect. This'strain is totally avjrulent but 
is expected to provide -local antibacterial as well 
as antitoxic immunity. Thisstrain is undergoing 
detaile d st ud y as a pot eniial l ive oral vaccine . 

Trials with the cholera toxoid as a vaccine have 
been unsuccessful. A mixture of b acterial vaccin e 
and toxoid is being tested for enhanced immun o- 
genicity\ 


Treatmen t: The treatment of cholera consists 
essentially of th e_ prompt and adequate replacn T* 
ment of lost fluid and electrolytes . T he oral ad - 
ministration of fluid containing glucose and elec - 
t rolyte s, eit her alone or supplemented by intra - L) 
Venous fluids is a highly successful and freel y 
available method of treating cholera . A ntibacfer- , 
t al therapy is of secondary importance. O ral tet- ( }. 
racvcline is useful in reducing the period of vibrj o 
excretion and the need for parenteral fluids . Chol- 
era vibnoTdo not appeaMo^accept and retain 
fi factorsjreadily . Multiple drug resistance is not T 
therefore, a problem in them though drug resis- 
tant isolates have been reported from Tanzania 
and Bangladesh in 1979. 


IIALOPHIUC VIBRIOS 


Vibri os that have a high requirement of sodiu m 
chloride are known as halophilic vib rios. Their 
natural habitat is sea water and marine life. Some 


TABLE 33 8 

Some characteristics of V parahaem oiy ticus and V. alginolyticus 


V. parahaemolyticus V. alginolyticus 


Indole 

V.P. 

Nitrate reduction 
Urease 

Sucrose fermentation 
Swarming 

Growth in 0% NaCl 
7% NaCl 
10% NaCl 
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halophilic vibrios have been shown to cause 
human disease — V. parahaemolyticus, V. algino- 
iyticus and V. vulnificus. 

Vibrio parahaemolyticus 

V. parahaemolyticus is the name proposed by 
Sakazaki ( 1 963) for an enteropathogenic halophilic 
vibrio originally isolated in 1961 in Japan as the 
causative agent of an outbreak of food poisoning 
due to sea fish. Gastroenteritis due to this vibrio 
has since been identified in several countries and 
it is now considered an important cause of food 
poisoning throughout the world. It inhabits the 
coastal seas, where it is found in fishes, arthnv 
pods sugh as shrimps and crabs, and molluscs 
such, as oysters. In Calcutta, it has also been 
found in stnal pond fishes. 

In morphology, it resembles the cholera vibrio, 
except that it is capsulated, shows bipolar staining 
and has a tendency to pteomorphism, especially 
when grown on 3% salt agar and in old cultures. 
Unlike other vibrios, it produces peritrichous 
flagella when grown on solid media. Polar flagella 
are formed in liquid cultures. 

It grows only in media containing NaCl. It can 
tolerate salt concentration upto eight per cent, but 
not 10 per cent. The optimum salt concentration is 
2-4 per cent. On TCBS agar, the colonies are green 
with an opaque, raised centre and flat translucent 
periphery Thcstring test is positive 

It is oxidase, catalase, nitrate, indole and ci- 
trate positive. Glucose, maltose, mannitol, man- 
nose and arabinose are fermented producing acid 
only. Lactose, sucrose, saliem, xylose, adonitol, 
inositol, sorbitol are not fermented. 

ft is killed at 6Q°C in 15 minutes It does not 
grow at 4°C, but can survive refrigeration and 
freezing. Drying destroys it. It dies in distilled 
water or vinegar in a few minutes. 

Three antigenic components have been recog- 
nised — somatic O, capsular K and flagellar 
H antigens. Serotyping is based on O and K anti- 
gens, 12 groups have been recognised and 39 dis- 
tinct K antigens. 

Not all strains of V. parahaemolyticus are 


pathogenic for man. It has been found that strains 
isolated from environmental sources (such as 
water, fish, crabs or oysters) are nearly always 
nonhaemolytic when grown on a special high salt 
blood agar (Wagatsuma agar), while strains from 
human patients are almost always haemolytic. This 
is cal led the Kanaga wa phenomenon and is due to a 
heat stable haemolysin, The significance of this 
haemolysis is not known, but it is used as a labora- 
tory test for pathogenicity, Kanagawa 1 positive 
strains being considered pathogenic for man and 
negative strains nonpathogenic. No cmerotoxm 
has been identified. TTie vibrio is believed to cause 
enteritis by invasion of the intestinal epithelium. 

V. parahaemolyticus causes food poisoning as- 
sociated with marine food. It also causes acute 
diarrhoea, unassociated with food poisoning. 
Abdominal pain, dianhoea, vomiting and fever 
arc the usual signs. Faeces contains cellular exu- 
date and, often, also blood. Dehydration is of 
moderate degree and recovery occurs in one to 
three days. Cases arc commoner in summer, and in 
adults than in children. In Calcutta, V. parahae- 
molyticus could be isolated from 5-10 per cent of 
diarrhoea cases admitted to the Infectious Dis- 
eases Hospital. V. parahaemolyticus is common in 
sea fish in some other parts of India (Andamans, 
Bombay, Calicut), but human cases are much less 
frequent. 

Vibrio alginolyticus 

This halophilic vibrio resembles V. parahaemoly- 
H'ciis in many respects and was formerly consi- 
dered a biotype of the latter. It has a higher salt 
tolerance, is VP positive and ferments sucrose 
(Table 33.8). It is frequently found is sea fish. Its 
status as a human pathogen is uncertain. It has 
been associated with marine wound infections. 

Vibrio vulnificus 

V vulnificus , previously known as L + vibriosor 
Beneckea vubufica, is a marine vibrio of medi- 
cal importance. It is VP negative and ferments 
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lactose but not sucrose. It has a salt tolerance of 
less than eight per cent. It causes two types of ill- 
ness. The first is wound infection following con- 
tact of open wounds with seawater. The second 
type occurs in compromised hosts particularly 
those with liver disease. Following ingestion of 
the vibrio, usually in oysters, it penetrates the gut 
mucosa without causing gastrointestinal manifes- 
tations and enters the bloodstream, rapidly lead- 
ing to septicaemia with high mortality. 

AEROMONAS AND PLESIOMONAS 
Besides the genus Vibrio, the family Vibrio- 


naceae also contains the genera Aeromonas and 
Plesiomonas, some members of which have been 
associated with human lesions. 

Aeromonas hydrophda, originally isolated 
from frogs, in which it causes the 'red leg disease’, 
has been reported from many cases of diarrhoea 
and from some pyogenic lesions in man. Plcsio- 
nionas shigelloides also has been reported from 
diarrhoea! disease. Both these are oxidase posi- 
tive, polar flagellated, Gram negative rods and 
may be mistaken for NAG vibrios. They may be 
differentiated from vibrios by biochemical tests 
such as utilisation of aminoacids. 
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34 Pseudomonas £iaj. 


The genus Ps eudomo nas. consists of aerobic , 
nonsporing. Gram negative ba cilli. motile by 
polar flagella . Members of this genus are mostly 
saprophytlcTbeing found in water, soil or wher- 
ever decomposing organic matter is found. Some 
of them are pathogenic to plants, insects and 
reptiles. Till recently, the genus contained only 
one human pathogen. Pseudomonas aeruginosa t 
but lately the bacilli of glanders and melioidosis 
have been assigned to this genus, after prolonged 
taxonomical uncertainty. 




haemolyt ic on b j ood agar .Jn broth, it forms a 
stj^cc-pellicle. 


dense turhiditvwi th a stilf 
Ps. aeruginosa produces a number of .pig,-, 
ments, the best known bein g pvoevanin and fluo- 
rescin . Pyocyanin is a bluish green phen azinepig- 
ment soluble in water and chloroform. Fluorcscin 
is a g reenish yellow pigment soluble in watexillk. 
not in chloroform. In old cultures itjnay be 
oxidised to a yellowish brown pigment. (gyocjaDin 
is produced only aeruginosa, butfluotescin 
may be produced by many other species also. 
Other pigme nts prod uced ate_pyaverdi!Ii.pyoru- 
; bin and pyomelanin i n various combinations 
^ Some strains may be nonpigmented. It is not 
known whether the pigments have any role in 
Morphology. It is a slender Gram negative bacil- pathogenesis. Some of the pigments, particularly 
tus. l .S-3 p.xO.Sp, actively motile by a polar pyocyanin. inhibit the gTOwlh of many other 


Pseudomonas aeruginosa 

IPs. pyacyanca. Bacillus pyocyaneus) 


lljgcllum. Occasional strains have two or three 
flagella. It is noncapsulated, though mucoid 
strains may sometimes occur. When ciOgnJnJhC 
abs ence of sucrose, an extracellular polysac- 
charide slime layer may be formed: Strains iso- 
lated from clinical specimens frequentl y possess 
pili 


b acteria and may therefore contribute to 
aeruginosa emerging as the dominant bac- 


terium jp infections. 


Biochemical reactions: Meinhn||sm is oxidative 
and not fermentativ e, peptone water sugars a re 
unsuitable for detecting acid production, since 
this is weak and gets neutralised by alkali produced 
from peptone? An^amgiqnium salts medium,*? 
^which the sugaj i$ the only carbon jource is the 


Cu/wra/ diorocferisncs: It is an obligate aerobe. 

Growth occurs at a wide range of temperatures, 

■»yC>4£CJtie optimum being 37-C. It grow well gj* st ; diucoscis uriliied oxiaaltveiv ."forming arid 
j on ordinary rncdja ^ producing larg e, opaque, jnlv. Indole, MR. VPnnJU^Tests ore negative. 
\ irregular colonies, with a diilingivc 7miBty, marvj Nrtra'tcs are reduced to nitrites and further to 
' Qkish.or c3qhv-Snic lD I ridescent patche s with a gaseous nitrogen. Catalase, oxidase and arg inine 
metallic 'sheen arc seen in cultures on nutrient dihvdrolas e are positiv e, i rUA 


agar- Ccs stats are seen beneath the patches. U 
grows on MacConkev and PCA m ed ia, forming " Classification- As Ps. aeruginosa has become a 
mmhetose fermenting colonics. ManV strains nre ~ very important cause of hospital infections, its 
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classification is essential for epidemiological pur- 
poses. Serotyping, 1 pyorin (bacteriocinL lypipg 
and bacteriophage typing havf Tbeen used but no 
method of classification has been entirely satis- 
factory. Based on the O antigen, it has been 
divided into 27 serotypes using slide agglutina- 
tion. Pyocin typing is the method most frequently 
used for the classification of isolates. Bacterio- 
phage typing schemes have been proposed but 
have not been widely accepted. 

Resistance: The bacillus is not particularly heat_ 
resistant, being killed at 55°C in one hou r, but 
exhibits a high degree of resistance to chemical 
agents. It is resistant to th e common antiseptics 
a nd disinfectants such as quaternary ammonium 
compounds, chloroxylenol and hexactilorophane, 

and may even grow profusely in bottles of such 

antiseptic lotions kept for use in hospitals. 

I ndeed, selective media have been devised for 

Ps. aeruginosa incorpora t ing riettol or eetrimi de. 

Ps. aeruginosa possesses a considerable degree 
of natural resistance to antibiotics. Polymyxin B, 
colistin, gentamycin, amikacin, carbenicelh'n, 
piperacellin and befoxamine are effective against 
most strains. Some strains may be sensitive 'in 
v itro to streptomycin and tetracycline, b ut they 
are generally of little therapeutic use. 


Pathogenicity: ' Blue /feus' s yas known as a surgi- 
cal entity long- before Gessard (1882) isolated 
Ps. aeruginosa from such cases. Both the specific 
names of the bacillus refer to its capacity to cause 
'blue pus ', the term aeruginosa, meaning verdig- 
ris which is bluish green in colour and pvoevanea . 
being a literal translation of ‘blue pus '. 

The pathogenic importance of the bacillus was 
not adequately recognised till recently, when it 
has established itself as one of the most trouble- 
s ome agents causing nosocomial infections. In 
the community outside the hospital, the com- 
moncst infection caused by Ps. aeruginosa, is 
r Huppur^pvr otitis. .w hich is chronic though not 
x disabling. In t he hospital, it mav cause localised 
or generalised infections . Localised lesions are 
commonly infections of wouqtRand bedsores, eve 


i nfections and urinary tract infections followin g 
catheterisation. Ps. aeruginosa is the com- 
monest and most serious cause of infection in 
bums. It is also one of the commonest agents 
responsible for iatrogenic m eningitis-following 
lumbar puncture. It frequently causes post-tra ch- 
e ostomy pulmonary infection^. Se pticaem ia 
occurs in patients who are debilitated due to con- 
comitant infection, malignancy or immunosup- 
ressive therapy. Ecthyma gangrenosum and 
many other types of skin lesions have be e n 
described, occurring either alone or as part of 
generalised infection, mainly in patients with 
l eukaemia and other types of malignancy^ 

Ps. aeruginosa had been described as one of 
the agents responsible for infantile diarrhoea. 
Evidence has now been presented that strainsT^ 

lated from outbreaks of diarrhoea may forrn a 

heat labile enterotoxin and give a positiv e rabbit 

ileal loop react ion & 

The preeminent role of Ps. aentshiosa-m^k) s- 


pital infection is d u e to its resistance to common 
antibiotics and antiseptic s, and its ability to estab- 
lish itself widely in hospitals. Equipment such as 
respirators, articles such as bed pans and medicines 
such as lotions, ointments and eye drops may be 
frequently contaminated. Ps. aeruginas aJsj^r- 
r ied in the intestines of a small p ro portion of hep l. 

Oiei5teepl)ifoUQwingJiospita lisa ti nn . 

The mechanisms of pathogenesis are not 
cfearly understood, ft has been claimed that the 
pathological processes seen in infection are 
caused b y the extracellular products of the bac- 
t erium. S everaTe xtracellular products hav e be<m 
identified in the culture filtrates. Exotoxih A is a 
lethal Jpxin which functions as NADase, acting 
like the dip htheri a toxin. Several proteases are 
produced by ‘the bacillus. Elastascs may fee 
responsible for haemorrhagic lesions in skin 
infections and the destruction of cornea! tissue in 
eye infections. Two haemolysins are produced, 
one a phospholipase a nd the other a plvcolipid . 
The former acts on the lung tissue causing atelec- 
t asis arid necrosis, facilitating invariem of th e long 
in pneumonia. Th c enterotoxin causes diarrhocal ' 
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Pasteurella, Yersinia, 


The plague bacillus and many other Gram nega- 
tive, Short bacilli that are primary pathogens of 
rodents were g rouped t og ether ihe perms Pas - 
, teurellit/ Based on cultural afuTBiochemical dif- 
ferences, this group has been divided into three 
genera — Yersinia, Pasteurella a n d Francisella . 
The genus Yersinia, contai ning the medicall y 
important species Y^rtstis [t he causative agent 
of plague), lY pseudotuberculosis (a primary 
pathogen of rodents) and y<enterocolitica ( which 
causes enteric and^yst£micldis ease-in-animals 
and man)7was so named after Alexandre Ye rsin , 
who discovered the plague bacillus . The genus 
Yersima is now assigned to the family Enteroba c- 
teriaceae . The genus Pasteurella contains several 
related bacteria causing haemorrhagic sep- 
ticaemia in different species of animals and occa- 
sionally producing local and systemic infections 
in man, grouped under a common species named 
P. multoctda^ One of these ._P,_aviseplica is the 
chicken cholera bacillus used by Pasteur for the 
development of the first attenuated bacterial vac- 
cine. Htnte the name PasttuteWa. The genus 
Francisella, consisting of the single species, 
F. tularensis is named after brands for his_ 
pioneering studies on tularaemia, caused by this 
bacillus i — ^ 

I Yersinia pestis . 

( I’asteurellapestis) 

The plague bacillus was disc overed i ndepen- 
dently - and simultaneously by Yersin and 
Kitosato ( 1894) in HongKongat the beginning of 
th<T lastpandemic of the disease. 


Francisella 


Morphology : Y. pe&tis is a short, nlumn. ovoid . 
Gram negative bacillus, about 1.5 u x 0.7 n in 
size, with rounded Tnds and convex sides, 
arranged singly, in short chains or in small groups. 
Ip smears stnined_wilh'methylene blue, it shbws 
bipolar staining (safety Pin fljEg araggs) aajft die 
two ends densely stained and the central area 
clear. Eleomorp hism is very common and in 513 
cultures, involution forms are seen — coccoid. 
club shaped, filamentous and giant forms' 
Pleomorphism is characteristically enhanced in 
media containing 3% N aCt (Fig. 35.1). 



Rg 35 1 Smear rrom gland puncture m a cam of plague shotting 
Y pcstu wuh bipolar staining (safety pm appearance). » 
few red blood cells and lymphocytes 
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T he bacillus is surrounded by a slime layer (en- 
velope or capsule). It is nonmotile, nonsporin g 
and nonacid fast. 

Cultural c haracteristic s: The plague bacillus is 
jterobic amf~ facultatively anaerobic. 'Growth 
occurs over a wide range' of pH (p H5-9.6 . 
optimum pH 7,2) and tcmpcralure (rang e 2°C - 
45°C). The optimum temperature for growth (un- 
like most pathogens) is 27*0^ but the envelope 
develops best at 37°C . " 

It is not nutritionally exacting and grows on 
ordinary' me3ia(jOH nument agar, colonies are 
small, delicate / traris parelfr Siscs , becoming 
opaque_on continued i n cubatio n . -Colonies on 
tpQ bloqd agar or other haemm contain ing media are 
dark brown, due to the absorption of the hacmin 
pigmenc C olourless colonies are formed oiv Mac- 
Conkeyagar .^In brot h, a flpccu l ent growth 
occurs at the bottomland along the sides of the 
tube, with little or no turbidity. A delicate pellicle 


tang f down 

into the broth fr om the surf ace, r esemblinj " 
stala ctites (stalactit e growth) (Fig. 35.2)7 

Biochemical reactions: ^Gl ucose, maltose a nd 
m annitol, but not lactose or sucrose, are fer- 
mented with the production of acid, but no gas. 



Fig 35 2 V pans in ghee broth culture. Si.il. 

graajh ^ ^ “ “ 

i) 

Indole is not produced. It is MR positive and VP 
and citrate negative, catalase positive and 
oxidase and urease negative. Gelatin is not 
liquefied. Based on the fermentation of glycerol 
and reduction of nitrate, Devignat has distin- 
guished three physiological varieties of Y. pestis. 
This typin g appears to he of epidemiologist 


TABLE 35.1 

Biotypes of Yersinia pestis 




— + - 


Vanety 


Glycerol Nitrate 
fermentation reduction 


Geographical 

distnbution 


Y. pestis var. orientals y/ 

y. pestis var. antiqua v 
y. pestis var. mediaevahs 


Primary foci in India, Burma 
and China. Causative agent of 
1894 pandemic. 

Responsible for wild plague in 
Western USA, South America, 
South Africa. 

Transbaikalia, Mongolia, 
Manchuria. Perhaps responsi- 
ble for the Justinian Plague. 
South East Russia. 
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nificance because of the different geographical 
distribution of the types (Table 35.1). 

telfg:' The plague bacillus is easi ly destroye d 
by exposure t o heat, s unligh t, drying and c hemi - 
cal disinfectants . It Is destroyed by heat at 55°Co r 
by 0.5% phenol i n 1 5 minutes . It remains viable 
for long periods in cold, moist environments. It 
can survive for several months, and even multi- 
ply, in the sod of rodent burrows . All strains are 
lysed Tiy a specific antiplague bacteriophage at 
22°£. 

Antigens, toxins and other virulence factors. 
Plague bacilli are antigenica l ly homogenous a nd 
serotypes do not exis t. The antigenic structure is 
complex. At least 2(1 antigens ha v e been detected 
bv eel diffusion and biochemical analysis . Many 
of them have been claimed to be virulence fac- 
tors. They include the following! 

1. A heat labile protein envelope antigen (Frac- 
tion 1 or F-I) b est formed in cultures incubated at 
37 J C . It inhibits phagocytosis and is generally 
p resent onlv in virulent strains . This antigen has 

therefore been considered a virulence determin- 

ant, but occasional strains deficient in Fraction I 
antigen have been isolated from fatal human 
cases. The antibody to this antigen is protective in 
mice. 

2. T wo anti gens, designated V and W a nd 
always produced together, have been considered 
to be the- virule nce factors as they inhibit^ 
yb afflcytosA S, 1 ”* • 

3 Virulent strains produce a bacteriocin (Pes- 
ticm I); coagulase and fibnnolysin. _ i'esucin I 
inhibits s trams of Y. ~pseudoiuberculosis, 
Y. enterocohtica and E. coif. 

The term “plague toxins* ref ers to a\ l east two 
classes of toxins found in culture filtrates or cell 
lysates flTh e first is the endotoxin, a lipopolysac- 
ch ande^ s imilar to the~ endotoxins of ehtenc 
bacillifljrh e second class of toxins is protein in 
nature, possessing some properties of bot h exo- 
toxins and endotoxins. They are thermnlahdp 
a rKl_may.be toxoidcd . but do not diffuse freely 
into the med i um and are released only by the lysis 


of the cell. They are called ‘murine toxins' as they 
are active in rats and mice, buTnot in guinea pigs, 
rabbits and primates. On injection into experimen- 
tal animals, plague toxins produce local oedema 
and necrosis with systemic effects on the peripheral 
vascular system and liver. T he role of plagu e 
toxin s in natural disease in man is not known. 

Virulence also appears to be associated wit h 
an unidentified surface component which absorbs 
haemin and basic aromatic dyes in culture media 
to form coloured colonies. 

5. Virulence has also been associated with the 
ability for purine synthesis. ~j ’ 

PLAGUE 

Plague is an ancient ^courgefcf mankind. Thedis- 
ease was familiar totfiTancient civilisations of 
Asia. The Bhagavata Purana urged householders, 
to flceaKh gn rati falls were' noticed. 

C Central Asia Vs believed to have been the origi- 
nal home of plague, from where it has, in wave 
after wave, spread far and wide, causing 

epidemics and pandemics , exacting a toljLgf 
human life surpassing any othgg-digg^^ TKe 
identity of the Biblical p lag ue of the Philistin es 
(1320 B.C) is in doubt,,but the pandemic tRat 
occurred during the reign of Emperor Justinian 
(542 A.D .) was undoubtedly bubonic plague and 
caused a hundred million deaths. In the J4th cen- 
tury, pandemic plague known as the 
death' is be lieved to have killed a quarter of a ll 
raa wfevaidiT* vieutlbf ~4l 

""epidemics before the birth of Christ and 109 
epidemics in the next 15 centuries. There are 
records of 45 pandemics between 1500 and 1720 
A.D. The disease was quiescent in the 18 th and 
19th centurie s and cop fined tocn demic fo ci. The 
last pandemic started in Hong Kong in 1894 and 
spread throughout the world. India was one of 
the countries worst hit by this pandemic. Plague 
reached Bombay in 1896 and spread all over the 
country during the next few years, causing more 
than 10 million deaths by 1918. It gradually 
receded thereafter. During 1958-77, Plague 
occurred in 29 countries involving over 45,000 
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patients. Cases were reported practically every 
year from Bolivia, Brazil, Byrma, Ecuador, 
Malagasay, Peru, USA, Vietnam and Zaire. The 
war in Vietnam involving major defoliation oper- 
ations led to a marked incidence of plague during 
the late 1960s. In 1974 plague began to increase in 
Burma, involving virtually the whole country. 
India has been free of the disease since 1967. in 
1981, only 191 cases and 24 deaths were reported 
throughout the world. Plague survives in several 
scattered natural foci (Fig. 35.3) 

In man, plague occurs mainly in three forms, 
bubonic, pneumonic and septicaem icy I n bubonic 
plagueTafter an incubation period o f 2-5 days , 
the lymph nodes draining the site of entry of the 
bacillus beco me infected. As the plague bacillus 
usually enters thr ough flea bites on th e legs, the 
i nguinal no des are involved and hence the name • 
‘ bubonic’ (btibon, meaning groin). The gland 
becomes e nlarged a n d suppurates. The bacilli 
enter the bloodst rea m and produce s e pticaemia. 
Sometimes there are h aemorrhag es into the skm 
and mucos a. The case fatality in untreated cases 
varies from 30-90 per cent. 


-^ Plague pneumonia may sometimes occur dur - 
ingepid emicsofbubonicplagae. R arely, primary 
pneumonic plague may occur in epidemic form, 
as happened in Manchuria during 1910-1912, 
causing some 60.000 deathffinepmonic plague is 
spread by droplet infection. The bacilli spread 
t hrough the lymphatic s p roducing haemorrhagic 
pneumon ia. Cyanosis is very prominent. The 
bl oody mu co id sputum t hat is coughed out con- 
tains bacilli in enormous numbers. Pneumonic n 
plague is highly infectious and, in untreated r 1 
patients, almost invariably fatal. 


Y>eptica e mic plague is u sually the termina l 
event in bubonic or pneumonic plague, but may 


event in bubonic or pneumonic plague , but may 
so metimes occu r pnmanly. C ases of mild plague 
( Pestis mino r) are seen in s o me epidemics . 
M eningitic in volvement m ay occur _ rarefy . 
Human carriers have not been recorded, byt . 
asymptomatic infection of the throat has been 
observed in some contacts. 


Epidemiology: Plague is a zo onotic disease. The 
plague BacTjTus Is natiiraliv^M rasitie-in-Ted enty. 
Infecnon'is'transmitted among them by rat fleas. 
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The fleas acquire the infection by feeding on independent of man. The rodents involved van 
infected rodents. In the flea, the bacilli multiply in different regions. ’Over 200 species and sub- 
in the stomach to such an extent that they block species are involved. In Western U.S.A , prairie 
the proventriculus. The interval between the dogs, ground squirrels, wood rats and mice arc 
ingestion of infected blood and blocking in the found infected. In the endemic areas of the 
proventriculus is the extrinsic incubation period. U.S.A , cases of human plague have occurred 
which is usually about two weeks in Xenopsyll a following contact with wild animals,' and even 
c heopis . When such a ’blocked flea’ bites' another with domestic carnivores, particularly pel cals. In 
rodent, it cannot suck in blood because the bactc- Java, the field rat is the reservoir. In India, the 
rial mass blocks the passage mechanically. The gerbil ( Tatera iruiica ) and the bandicoot are 
blood, mixed with the bacteria is regurgitated infected 

into the bite, transmitlingthe infection. Infection Attenuated Y pcsf/V organisms have been iso- 
may also be transferred by contamination of the * lated from hutural foci. These organisms m.ij 


r^«- hjte wound with the faeces of infected fleas. 
ty'^ Wnen a diseased rat dies (rat fall), the fleas leave 
thecarcass and in the absence of another" rat, may 
b ite man, causing bubonic plague. 
m ‘Several species of fleas may actas vectors, the 
important being ' X enopsvUa cheopis. 

X ~ A' (istta and Ceratophyllus fasaatns. X. cheopis , 
the predominant species in North India, is a more 
efficient vector than the South Indian species, 
X. ostia. This has contributed to the more exten- 


producc infection without causing death, U is not 
known whether these organisms reacquire vini* 


> 3 ^ 

fwrarory diag 


y^Jfroratory diagnosis : The laboratory should be 
able to diagnose plague not only in man, but in 
rodents also, as timely detection of infection in 
rats may help to prevent epidemic spread. 

A rat which died of plague may carry infected 
fleas and should be handled with care. Pou'rinc 


sivc nature of plague outbreaks in the North as kerosene oil over the carcass is a simple method 
compared to South India Plague epidemics gen- of eliminating the fleas. In the laboratory, the 


orally occur in the cool, humid seasons that carcass should be dipped i n 3% lysol to destroy 
favour the multiplication of fleas, leading 'to a ectoparasites. ^ j £■* 
high 'flea index* (mean number of fleas per rat). During epizooTTESTit is easy to diagnose plague 

In the hot. dry weather, fleas do not thrive and in rats. Buboes arc present usually in the cervical 
the transmission of infection is interrupted. region. They are hard and can be moved under 

The studies of the various Governmental the skirl) On sectio n, the bubo may show cong es - 
Plague Commissions in Bombay, duringthe early tion, haemorrhagic points or grey necrosis, 
years of this century, helped to clarify the^ Smear s from the bubo stained with methylene 
epidemiology of plague. H was found that plague blue show the bipolar stained bacilli. The fixtures- 
produced epizootics first in Rattus non egiens cent antibody technique maybe of use‘in identify- 
(sewer rat). When their numbers dwindled, the ingplague bacilli in the impression films of the tis- 
diseasc passed to the domestic rat, R. ratius It sues. Bacilli in bubo show considerable 
was from the domestic rat that the infection nleotnorohisfrflThe liver i s mottled, with rc d. 
spread to man. yellow or grey stipplirigTThe spleen is enlarged 

Two natural cycles of plague exist, the domes - and moulded over the stomach, with granules or 
tic and the wild plague. The ternitld omcsnc nodules on the surface5)A characteristic features 
p lague rciers io "plague that is intimately pleural effusion, wliicn may be clear, abundant 
associated with man and rodents living with man . and straw coloured . or less often, blood stained, 
possessing a definite potential for producing Bacilli may be demonstrated microscopically in 
epidemics. ‘ Wild plague.' (formerly also called spleen smears and heart blood also A^ultures may 
sylvgiiiLpbguc) occurs in nature in wild rodents, be made from the bubocsts'plecn, heart blood 
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and, particularly, from bone marrow in decom- plague , general measures s uch as control of fleas 
posed carcasses. ,, and rodents are of great importance. Specific 

In badly putrified carcasses, microscopy an d protectio n may be provided by vaccines. Two 
culture may not be successful. The putrified tis-" lypes of vaccines have been in use -0— killed and 
sue may be rubbed on the shaven abdomen of a fflive attenuated vaccines. The killed vaccine used 
guinea pic. The plague bacillus is able to penet- in India (prepared at the iHaffkine Institute, 


Tate through t he minute abras i ons caused b y 
shaving and ini tiate lethal infection . Dia gnosis, in 
such cases, may also be est ablished by the ther mo- 
predpitation test. The tissue, mixed with 5-10 
parts of dSfille? water, is boiled for five minutes, 
filtered and the clear filtrate layered, on nn li- 
plague scrum i n a narrow lest tube . In positive- 
cases, a precipitate appears at the interface after 
five minutes incubation at 37°C, increasing to a 
maximum in two hours. 

Diagnosis of sporadtc plague in rats may be dif- 
ficult. Success is achieved by a combination of 
culture and animal inoculation, using pooled 
organs. The bacillus may also be isolated from 
pooled fleas. The only serological test recom- 
mended is passive haemagglutinatiorij using tan- 
ned sheep erythrocytes sensitised with Fraction I 
antigen. 

In human bubonic plague , a small vesicle may be 
present at the site of entry of the bacillus in early 
cases and bacilli may be demonstrated in the vesi- 
cle fluid ffiacillt may be readily demonstrated in 
buboes by microscopy, culture or animal inocula- 
tion. Blg&lcultures are often positive. 

J$\In pneumonic plague, the bacilli can be 
demonstrated in the s putum by microscopy, cul- 
furc or animal inoculation. 

Serological tests are sometimes useful in diag- 
nosis. Antibodies to F-I antigen may be detected 
by agglutination or complement fixation tests 
The fatter test may be used also for detecting the 
antigen in tissues. Complement fixing antibodies 
decrease rapidly during convalescence. The pas- 
sive haemagglutination test, using tanned ery- 
throcytes coated with F-I antigen or murine 
toxin, is useful for identifying plague foci, as the 


Bombay) is a whole culture antigen. A virufent 
strain of the plague bacillus is grown in .casein 
.hydrolysate brot h for 2—4 weeks at 32°C and kil- 
led by 0.05 percent formaldehyde and preserved 
with phenyl mercuric nitrate (Sokhey’s modifica- 
tion of Haffkine’s vaccine). Standardisation is by 
immunogenic potency rather than "by bacterial 
counts . 1 he two aviTulen ts titrins used fm the u75: 
paration of live vaccines are Otten’s Tjiwidej 
strain from Java and Girard’s EV strain from 
Malagasay. Since live vaccines are difficult to 
prepare and to distribute in large quantities and 
may provoke unacceptable reactions, killed vac- 
cines are recommended for general use. Vaccina- 
tion may reduce the morbidity and mortality to 
some extent in bubonic plague, but not in pneumo- s,* 
nic plague. T he immunity following vaccina ^ 1 ^ 
tion does not laTt for more than six months. On 
t he other ~h and. an attack of plague confer s 
lasting immunity, This is due to a tissue 
immunity rather than a humoral one. Mass vacci- 
nation is not recommended against plague 
now. 

In persons at special risk, chemoprophylaxis 
may be employed for temporary protection. Tet- 
racycline is the drug recommended, with sul- 
phonamides as the next alternative. 


Treatment : E arly treatment is essential because 
ot the rapid progression and high fatality of the 
diseasdOTetracyclinejs the recommended drug 
for botn bubonic and pneumonic plague. Strep- 
tomycin is very' effective, but severe intoxication 
may occur due to massive destruction of bacilli 
and release of toxic products. Strains resistant to 
streptomycin have been observed in the Far East. 


test remains positive for several years after recov-^) Chloramphenicol and Ka namy cin are effective, 
ery from plague. ' The antiplague serum, once employed in the 

treatment of severe cases, is no longer reconv 
Prophylaxis : In the prevention of domestic mended. 
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Yersinia pseudotuberculosls 
(Pasleurella pseudotuberculos'is) 

This bacillus resembles the plague bacillus 
closely, but can be distinguished by its relatively 
poor growth on MacConKcy’s agar, motility nt 
22 6 C (but not at 37°C), production of urease, fer- 
mentation of rhamnose and mchbiosc and failure 
to be lysed by antiplague bacteriophage at 22®C. 
Distinction between Y. pseudoiuberculosis and 
Y. pesus becomes important when the former is 
isolated from rats. 

Y. pscudotuberculosis is antigenically hetero- 
geneous, six serological groups and nine sero- 
types being distinguished, based on somatic and 
flagellar antigens. It shows antigenic cross rela- 
tionships with Y.pestisss well assalmonellae. 

The natural mode of infection in animals is 
probably by the alimentary tract. In infected 
guinea pigs, the liver, spleen and lungs show mul- 
tiple nodules resembling tuberculosis lesions 
(hence the name pseudotuberculosis). Human 
‘infection occurs rarely and may present as a fatal 
typhoid-like illness with hcpatosplenomcgaly and 
purpura or ns mesenteric lymphadenitis simulat- 
ing acute appendicitis. It has also been reported 
to cause erythema nodosum and gastroenteritis. 

Yersinia enterocolitlca 

This bacillus resembles Y. pseudotuberculosis in 


being motile at 22°C, but differs from ft in fer- 
menting sucrose and cellobiose and decar- 
boxyfating ornithine. It does not ferment rham 
nose or mchbiosc. Many strains give a positive V? 
test and form indole, five biotypes have betrt 
identified based on cultural and biochemical 
characteristics. The antigenic structure ol 
Y. etue rocoUtica is distinct from that of Y. pseudo- 
tuberculosis. More that 50 O serotypes and 19 H 
factors have been reported, Most human isolates 
belong to serotypes, 03, OS and'W. Serological 
cross reactions between serotypes 9 and Brucella 
occur. __ 

Y. enterocolitica has been isolated from a wide 
range of domestic and wild animals, and in recent 
years, is increasingly being reported from human 
clinical material. It produces three types of dis- 
ease in humans. The first occurs in young chil- 
dren as self-limited gastroenteritis which maybe 
cither inflammatory’ or noninflammatory. The 
second is mesenteric adenitis and inflammatory 
terminal ileitis in older children, that may mimic 
appendicitis. The third category is systemic dis- 
ease, typically in adults, often characterised by 
bacteracmia. meningitis, arthralgia or erythema 
nodosum. 

The term ‘yersiniosis’ denotes infection with 
yersiniae other than Y. pest is. These arc zoonoses 
and human infection appears to be acquired acci- 
dentally from disease cycles of wild or domesti- 
cated animals. 


TABLE 35 2 

iome differentiating features among Ymtnta and Pasteureila 



Y. pesiis 

Y. pseudo- 
tuberculosis 

Y. entero - 
cobtica 

P. multoci 

Motility at 22°C 

- 

+ 

+ 

_ 

Growth on MacConkcy agar 

+ 

+ 

+ 

' 

Acid from sucrose 

— 

_ 


+ 

Arid from maltose 

+ 

+ 

+ 

- 

Indole 

— ;* 

_ 


+ 

Oxidase 

- 

_ 

_ 

+ 

Urease 

- 



_ 

Ornithine decarboxylase 

- 


+ 

+ 



PASTEURELLA, YERSINIA. FRANCISELLA 


321 


Pasteurella multodda 
(Pasteurella septica ) 

A group of related bacteria isolated from 
haemorrhagic septicaemia in a variety of animals 
and birds had, in the past, been named according 
to their species of origin — P. boviseptica, 
lepiseptica, aviseplica, etc. Though they show 
some degree of host specificity, they are so alike in 
other respects that they are now considered 
strains of a single species designated P. mul- 
tocida, 

P. multodda is a nonmotile. Gram negative 
bacillus generally resembling Yersinia, but dif- 
fering in being oxidase positive, producing indole 
and failing to grow on MacConkey’s agar. 

The bacillus is often carried in the upper 
respiratory tract of a variety of animals such as 
dogs, cats, rats, cattle and sheep. It may some- 
times occur as a commensal in the human 
respiratory tract also. Human infection is rare, 
but may occur following animal bites or trauma. 
The clinical manifestations may be local suppura- 
tion following animal bites (wound infection, cel- 
lulitis, abscess, osteomyelitis), meningitisfollow- 
ing head injury, respiratory tract infection 
(pneumonia, bronchitis, sinusitis) or appendicitis 
and appendiceal abscess. 

The bacillus is sensitive to tetracycline and 
streptomycin, and most strains to penicillin as 
well. 

Francisella tularensis 

(Pasteurella tularensis; Brucella tularensis) 

This is the causative agent of tularaemia, a dis- 


ease of rabbits and other rodents, originally 
described in Tulare County, California. Infection 
is transmitted by ticks and several other arthropod 
vectors. Human infection may occur by direct 
contact with infected rodents such as rabbits. 
Infection can also be acquired by ingestion of 
contaminated meat or water and inhalation of 
infective aerosols. 

It is a minute, capsulated, nonmotile. Gram 
negative bacillus, about O.3-0.7 p. x 0.2 p in 
size. It resembles mycoplasma in being filterable 
and in multiplying by filament formation and 
budding, besides binary fission. In infected ani- 
mals, it acts as an intracellular parasite, being 
found in large masses inside the liver and spleen 
cells. It has fastidious growth requirements and 
special media such as Francis’ blood dextrose cys- 
tine agar have to be employed for its isolation. 
Minute transparent colonies appear after incuba- 
tion for 3-5 days. 

In man, tularaemia may present as a local ul- 
ceration with lymphadenitis, a typhoid-like fever 
with glandular enlargement or an influenza-like 
respiratory infection. The disease may also be 
water home, as a result of water pollution with 
excreta of infected rodents. The bacillus is highly 
infectious and laboratory infection has been quite 
common. Diagnosis may be made by culture or 
by inoculation into guinea pigs or mice. Aggluti- 
nating antibodies may be demonstrated in sera 
from patients. 

The disease has been reported from America, 
Europe and Japan. An attenuated vaccine is 
available which can be administered by scarifica- 
tion to persons who are subject to high risk of 
infection. 
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Haemophilus 


The genus Haemophilus contains smal l, non - 
motile, nompor ing, Gram negative bacilli that 
arc parasitic on man or animals. 'I hey arc charac* 
tensed by their requirement of unc oLbd hlTnso 
accessory cross tit factors f X a nd V) p resent in 
bloasilHaeinophiliis, meaning blood loving). 

Pfeiffe r (1892) observed that a small , Gram 
negative bacillus was ’constantly present’ in the 
sput um or'pa'IicMts fr om thcln flucnza p ande mic 
of 1* 889-1892 ami proposed thislis the causative 
agemoThuman influenza. This came to be know n 
as the ’i nfluenza bacillus ' (Pfeiffer’s bacillus ), 
bier renamed H aemophilus influ enzae. ^l~hc 
causa) relationship between this bacillus and 
human influenza could not be substantiated and 
was finally disproved when Smith, Andresses and 
L aidlaw( 1933) isolat ed the influenz a virus. 

Many other bacilli grossing preferentially in 
media containing blood came to be included in 
the genus Haemophilus. But as some of them 
(c.g. whooping cough ba cillus. M prax-Axcnficld 
bacillus ) arc n ot dependent on X and V . factors, 
they have been removed from the genus. • 

Haemophilus Influenzae » 

(Influen za bacillus; Pfe iffer's bacillus) 

Morphology /// influenzae is a small ( 1 . 5p.x0.3p .) 
Gram negative , nonmotile . . nonsporimT bacil - 
lu s. exhibiting considerable plcomorphism (Fig. 
36~T) in sputum, it usually occurs as clusters of 
c pccobacfliaryTorms , while i n CSF from rnenin - 
gTlTTcases .long , bacillary and filamcniousjorms 
/ predominate. Ceils from young cultures ( 1 8-24 
hours) are usua^yc occbbiciiiaTy , ss bil e older cul- 


tur es arc distinctly pleomorphic. S trains isolated 
frbm"acutcTnfcctions arc often capsuLued. 

The baci lli ore relatively difficult to s tain 
.Staining for 5 -1 S minu tes with Ltyefflers 
methylene blue or dilute c arbol fuch sin gnes 
goodresuTTsT" 

Cultural characteristics-. The bacillus hasjastidi- 
ous growth requirements . Tlie accessory growt h 
factors (iM CtamlAimums) iiameilxSdjZpt^ 
s ent in blood a rc essential for growth. _H w 
X'f ffion s uhcaT stable i ron-p orch) rin-hacroatin 
or other haemins. ft is neces sary for the s yn thesis 
of catalapmnd othe r enrs mes Involved in aerobic 
respiration. Some* stramsTlo not* require the 
X factor for anaerobic growth. The V factor is a 
heat labile (destroyed at 120’Cin a few minutes) 
factor, present in red blood cells and in many 
other animal and plant cells. It is synthesised b) 
some fungi and bacteria (c.g,. Staph, aureus) in 

excess of their requirements and released into the 

surrounding medium The V factor can V 
supplied as cocnzymc I or II or nicotinamide 
adenine dinucleotide (NAD). It appears to act as 
a hydrogen acceptor in the metabolism of the 
cell. 

It is aero bic, but grows anaerobically also, the 
optimum temperature bcing_322C. Some strains 
req uire 10% CQ >. It grows on hlootLacat*J 1 ut 
growth is scanty, ns thd V factor Is not freely 
available, being imprisone d inside the red blood 
cells. Growth is, therefore .'better it a source o* 
the V factor is also provided. When Staph, aureus 
is streaked across a plate of blood agar on which a 
specimen containing If. influenzae has been 
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Fig 36 Hi influenzae in cerebrospinal fluid show ing 
pltomoiphism 


inoculated, after ovenwght mcubntion. the co l- 
oniex of H. influenzae wilLbc large and -well 
deveTopedalongside the streak o f staphyloco c- 
cus^and s maller' TaflKcr aw ay. This phenomenon 
is calle d ‘saielliiism 7 and demonstrates the depen* 
dence of H, influenzae oiTthe V factor^ wtuchls 
available in high concentration near the staphy- 
lococcal growth and only in smaller quantities 
away from it. This is a routine test in clinical bac- 
teriology for’the identification a jJL-Uifluwzae^ 
(Fig. 36.2). 

When blood agar is heated to 80°C -90°C until 
it turns chocolate in colour (c hocolate agar ), or 
boiled for a few minutes (boiled blood agar) , the 
V factor is released from within the erythrocytes 
and hence these media are superior to pjain blood 
agar for growing H. irtf!iienza\ $Z\c ar transparen t 
media may be.prepared by boiling-and filtering a 
mixture of hlood and nutr.iem broth ( LmtUhalX 
medium L or by adding a peptic digest of blood to 
nutrient agar (Filcies a earl. Fddes agar is best for 
primary isolation of //. influenzae and it gives a 
copious growth. Camnlaled. strains produce 


translucent colonies with a distinctive iridescence 
on Levinthaf s agar. 

Biochemical reactions. Fe rmentat ion reactions 
are irregular. Nitrates are reduced to nitrite s and 
some strains form indole . Biochemical reactions 
are not helpful in identification or classification 



Fig 36 2 Satellilism. H influenzae colonies are farge near 
growth of slaphy 1 ococcus, and smaller away from it . 
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ResistancelyFf. influenzae isa(jeUcat^bacterium, 
readily destroyed by heating (5?Cfor30 minutes), 
refrigeration (0°C-4*C), drying and disinfec- 
tants. In cultures , the cells die within two or three 
days due to autotysis. Cultures may be preserved 
for about a month on chocolate agar slopes in 
screw capped bottles. For longterm preservation, 
tjjgjedltures may b e Wophifeed. , 

' Antigenic properties: Isolates oCctrraSone of two 
major colony types' — the s mall granula r (R or 
Rough) c olony produced by the noncapsulated 
s trains fro m th e respiratory tract a nd the mucoid 

.’ indescenl (S or smooth) colony of cansulated 
s trains from the sites of invasive lesions . Non- 
capsulate d strains afelmti'getucaHy heterogen e- 
ous. Some somatic antigens have been identities], 
but they are of no practical significance. Capsu - 
lated strains have bee n classified by Pntmanimo 
sixjypes, designated types a to ( based on capsu - 
lar antigens, which are polysaccharide in nature 
and resemble pneumococcal capsular antigens. 
Type b strains account for most infections Type 6 
antigens can be detec ted in body fluids includin g 
tfieuri ne bfinfected pa bent s. It is immunoebemi- 
callysimilar to the K antigen of E. coli. Typing is 
done by agglutination, the ‘Quellung'test’ or by 
precipitation of the extracted polysaccharide 
with specific antisera . 

1 «- t'- - 


Growth characteristics 


Variation: Colonies show a smooth-to-roug 
(S— »R) variation, a ssociated with loss of ca psiil 
and virulence. As in the case of pneumoccoc 
genetic transformation has beenxlemomtrale 
with //. influenzae also. T he characters trait 
formed are the capsular a ntigeatype and antibi c 
tic resistances 

, / 

Pathogenicity: H. influenzae is not naturally 
pathogenic for animals, but. intraperitoneal 
inoculation of large doses is fatal in .mice, guinea 
pigs and rabbits; This is probably due to the 
endotoxin. Intracerebral inoculation of some 
strains, or intraperitoneal inoculation of the 
bacilli suspended in hog gastric mucin may lead to 
a fatal infection with blood invasion. Capsulated 
strains arc more virulent than noncapsulated 
strains. 

Diseases-due to H. tnfUtemae may be cons i- 
dered under two groups. In one group , t he bac il- 
lus acts ns a primary pathoge n, c ausing suppu ra- 
Twe infection s. Haemophilus meningitis is the 
most important infection in this group, others 
being laryngoepiglottitis, otitis media, pneumonia, 
arth ritis, endoc arditis and perica rditis. These 
infections afFusually seen in children and are 
caused by capsulated strains, type b accountin g 
for most cases. In the second croup , the bacillus 
causes secondary o r s uperadded infections , usu- 



of Haemophilus species 


Species 

Growth requirements 

Haemolysis 

X Factor 

V Factor 

H. influenzae 

> + 

+ 

_ 

If. aegypneus 

+ 

+ 

- 

H. suit 

+ 

+ 

— 

// haemolyticus 

+ 

+ 

+ 

H. ducreyi 

+ 

— 

+ 

H. aphrophifus 

+ 

- 

— 

H. paramfluenzae 


+ 

+ 
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ally of the respiratory tract. These include 
chronic bronchitis', bronchiectasis and sinusiti s. 
These-are usually seen in adults and are caused by 
noncapsulated strains . 


Meningitis: This is the most serious disease pro- 
duced by H, influenzae With case fatality rates pf 
about 90 per cent in the untreated. The bacilli 
reac h the meninges from th e nasopharynx , a ppa - 
rently_lhiQUfih the bloodstream and initiate a 
punilem^meninghisTThe large majority ariTHue 
to type b strains. The disease is commoner in chil- 
dren, between two months and three years of 
age. This age incidence has been correlated with 
the absence of bactericidal antibodies. Older 
children develop immunity as a result of subclini- 
cal infection. It has been reported recently that in 
North America, the percentage of adults without 
bactericidal antibodies has been increasing. This 
has led to an increase in haemophilus meningitis 
in adults. 

yly-r* 

Laryngoepiglottitis f Croup): This is an acute 
inflammation of the epiglottis with obstructive 
laryngitis, seen in children over two years old . 
Untreated cases .may be fataL within hours'. 
T racheostomy is often necessary to relieve 
re spiratory’ obstruction caused by the grossly 
e nlarged uvula. This condition i s always 
as sociated with bacteraemia a nd blood cultures 
are usually positive. 


media occurs by direct spread from the 
nasopharynx. 

Bronchitis: Careful techniques of sputum culture 
have shown that H. influenzae is an important 
pathogen associated with pneumococci in the 
acute exacerbations of chronic bronchitis. 

Epidemiology: There is considerable similarity 
between the epidemiology and pathogenicity of 
H. influenzae and of pneupiococci. Infection is 
transmitted by the respiratory route. Carriage in 
the upper respiratory tract is common particu- 
larly in young children, but such strains are usu- 
ally noncapsulated and not responsible for acute 
infections. 

Immunity is type specific. As the large majority 
oflntections are produced 5y type b strains, the 
possibility of active immunisation by the specific 
capsular p olysaccharideJsjinder investigation. A 
type b polysaccharide vaccine has been tried, but 
protection was incomplete in the susceptible 
group of infant s bejpwJILntonths. due to poor 
immunogenicity in some. It may be useful in sus- 
ceptible adultv fcross reactions have~been demons- 
trated between type b polysaccharide and some K 
antigens of E. coli. A strain of E. coh 0.75:K1 00.H5 
has been shown to induce antibodies against 
type b polysaccharide when fed to volunteers. 
But such antibodies have not been shown to be 
protective. 


Pneumonia: ! 
oc curs in infan ts and is a ccompanied by empyema 
and sometimes meningitis as we lL In older chil- 
dren and adul ts, the picture is of lobar pneumonia . 
While these are primary infections due to capsu- 

lated strains, bronchopneumonia may occur as a 

secondary infection with noncapsulated strains. 

H. influenzae was a frequent cause of fatal pneu- 

monia in the pandemic of influenza in 1918- 1919 but 
this association has not been found in recent years. 


Suppurative lesions: Suppurative lesions such 
as arthritis, endocarditis, pericarditis may 

result from hagmatogenous dissemination. Otitis 


Laboratory diagnosis: In me n ingitis, the pre- 
sence in the CS F of pleomorph ic. Gram negative J 
bacilli that d o not stain well, should arouse suspi- 
cion ot ti. influenzae infection. I f the ivne h 
a ntiserum ?■> avUlJJiM lTtheZ juelTung phenomenon j, 
is usually demonstrab le as most cases are due to 
t ype b stra ins. Capsular polysaccharide antigen 
may be pre sent in CSF in meningitis and i n unn e 
in systemic infection s. Us demonstration by pre- 

cipitationorcounterimmunoelectrophoresiswith 

specific antiserum is useful in diagnosis. 

For isolation, CSF should be plated pro mptly 
on a suitable medium' such as blood a gar or 
chocolate agar and incubated in an environment 
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containing 5-10 per cent CO 2 an d high humidity. especially common in the tropics and subtropics 
(As the bacillus is very sensitive to tow tempera- and may occur in epidemic forms. 


tures, specimens should never be refrigerated 
before inoculation) A strain of staphylococcus 
should be streaked across the plate. After over- 
night incubation at 37°C, small opaque colonies 
appear that showsatellitism. Iridescence may be 
demonstrated on Levinthal's medium. Typing 
may be done if antisera are available. 

Blood cultures are often positive in cases of 
laryngoeoiglottit is a nd pneumon ia. Cul tures may 
be done in nutur ien t broth as the patie nt s blood 
aff ords sufficient en richment. 

Isolation from spuTurilTOqUires special care. U 
has been demonstated that very large variations 
m the rates of isolation occur when different parts 
of the sputum are sampled Sputum should . 
therefore, be h omogenised by t reatment with 
pancreatiiL or b y shaking with s tenle water and 
glass heads for IS -30 minute s. Culturing several 
samples ofsnutnm fr om the patient incre a ses the 
rate of isolatio n. 

Treatment: fT_ influenzae is susceptible to sul- 
phonamides and seseral antibiotics Chloram - 
phenicol is the drug usually employed foT the treat- 
ment of haemophtlus meningitis, and ampicillin 
and cotrirnoxazole_ for, respiratory infections. 
Plasmid borne resitance to t^icse drugs is becom- 
ing common The newer cephalosporins a re the 
preferred drugs now. Prompt diagnosis and treat- 
ment are necessary to avoid serious respiratory 
complications. Prophylactic nfampifl-has been 
\recommende&/or susceptible children in contact 
with clinical H. Influenzae infections. 

' Haemophilus q£g$pticus 
( Koch-Weeks bnctUur, H . influenzae biotype III) 

" Even before Pfeiffer described the ‘influenza 
bacillus’, Koch (1883) had observed a small bacil- 
lus in conjunctivitis cases in Egypt Itwasfirstcul- 
tivuted by Weeks (1887) in New York. It is 
worldmtte in distribution and causes a highly 
contagious lorm of confunctivitisipink eye). It is 


H. acgypticus is so close ly similar t o HJnfhm- 
lae as to be virtually indistinguis hable. Con- 
junctivitis can be produced experimentally by 
applying the bacillus' to the eyes in man, but not in 
anim jls. It produces a fatal infection in eight-day- 
old chick embryos. It does not produce indole . 

Ilaemophilustsuls))— 

(H. influenzae suis) 

This is a pathogen of swine that ac ts synergist!- 
cally with the swine influenza virus . Shope (1951) 
showed that pigs developed a mild febrile illness 
when the swine influenza virus was adminstered 
intranasally. But when H. sms also was inocu- 
lated with the virus, severe disease resulted He 
also showed that H. sms could be isolated regu- 
larly from pigs suffering from swine influenza, 
but not from healthy animals. It had been 

between H. influenzae, and the human influe nza 

association. 

suis is not pathogenic for man. Capsulated 
and noncapsulated strains occur. Capsuled 
strains appear to be anttgenically homogeneous 
and unrelated to H. influenzae. Capsulated 
strains req uire both X and V factor s, while non- 
capsulated st rains require only the X factor . 

Haemophilu s rinrrevi 

Ducrey (1890) demonstrated t his bacillus j fl. 
c hancroid lesions and, by inoculation into the 
skin on the forearm, was able to transmit the 
lesion through several generations. ’ 

^Chancroi d or soft sore, is a venereal disea se 
characterised b y tender, nonindurated , ia££Ul?t 
ulcers on the genitalia. The infection remai ns 
l ocalised., spreading only to the' regional lym ph 
nodes which are enlarged an d painful. AutoinQ- 
culation lesions may t be ^produced by contact. 
There is no immunity following infection, but a 
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hy persensitivity resuits, which can be demons- 
trated by intradcrmal inoculation of kilted bacilli. 

H. ducreyi is a short, ovoid bacillus (I-l.5p. x 
0.6p.) with a tendency to occur in end-to-end 
pairs or short chains, it is Gram negative a n d fre- 
quently shows bipolar Staining . The microscopic 
appearance in smears has been described as 
resembling ' a school of red fish *, but the bacilli 
may often appear Gram positive. It has complex 
growth requirements It requires 1 0 per cent C Q>. 
Primary isolation is diffcuit.vj t can be grown o n 
fresh clotted rabbit blood. Smears made afte r 
fipnfs; i ncubation' show tan pletLchnins-of 
b acilli. It may also be grown on th c^cltoriaallaa- 
toic membrane of the cluck embryt^3£)n choco- 
late agar enriched with iscnitalex an d fetal calf 
serum, and containing vancomyci n as a sele ctive 
agent, H. ducrcyt form s-small, grev. translucen t 
colonics-aftcr incubation at 35°C under 10 per 
cent COj andJ bieh humidity in 2^8 days ! 

The species is anligcmcally homogeneous and 
cultures may be identified by agglutination with 
the antiserum Jntradcrmal inoculation of the 
culture into rabbits produces a local ulcerative 
lesion. 

//. ducreyi is susceptible to sulphonamides and 
many antibiotics Cases resistant to sulplion- 
amides and tetracyclines have been reported. 
Erythromycin or cotrimoxazole is the drug of 



Haemophilus paralnfluenzae. 




This differs from H. influenzae i n requiring the 
V factor on ly, and’not the X factor. It is a com - 
mensal in the upper respiratory tract and has 
been reported to cause” fjrbatute bacterial 
e ndocard itis, ‘ure thritis* and acute pb arypo**- 


Haemophilus hacmo^ticus^^ 

Ibis a ctively haemolytic species occurs as a com- 
mensal in the upper respiratory tract. Colonies 
on blood agar may be mistaken for those of 
haemolytic streptococci. It r equires both X and V 
factors. It is not pathogenic. Strams-that/do^not 


require the X factor have been designated 
H. parahaenwtyiicus. 

Gardnerella vaginalis ( Haemophilus s aginalis ) 


As this bacillus requires neither the X nor V factor, 
it has been removed from the genus Haemophilus 
and placed in the new genus Gardnerella. It is a 
Gram vari able rod , 1 -2 p x 0.3- .06 p. in size , non- _ 
motile, and noncaps ulated^ Intracel lular granule s 
can be demonstratedJby^Alfertls stain. It grows £ 
well on Lnefflet!Lseru m in the presence nf liumldi» 
fied air and 5% CCK For isolation of the 
organism human blood agar or peptone starch 
glucose agar containing nalidixic acid, gentami- 
cin and amphotericin are recommended. 

It causes nonspecific vaginitis and cervicitis, 
usually in association with anaerobic bacteria 
(anaerobic vaginosis), characterised by a malo- 
dorous vaginal discharge with high pH (more 
than 5.0) giving a positive amine test. Gram 
stained smears show vaginal epithelial cells stud- 
ded with numerous Gram variable bacteria — the 
so called ‘clue’ cells of Gardner and Dukes, Lac- 
tobacilli and neutrophil leucocytes are usually 
absent. Treatment with metronidazole is effec- 
tive 

Haemophilus a phronhilus ^ f & 

Tliis requires the X factor, but not the V factor 
Growth is enhanced by 3-5% COi It has been 
reported as causing bacterial endocarditis, brain 
abscesses, sinusitis, pneumonia and abscesses 
elsewhere. It has been suggested that dogs may 
act as the source of infection for man. It is related 
to Actino bacillus actionomy cctent conti tans. 


Aforaxel la laeunafa 

( Sforax-'A xenfe! d bacillus; Haemophilus duplex) 

Morax (1896) and Axenfeld (1897.) indepen- 
dently described a short, plump, Gram negative 
bacillus from subacute conjunctivitis. This was 
grouped in the genus Haemophilus because it 
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or lacunae due to liquefaction (hence the name 
lacunata). The bacillus is oxidase and catalase 
positive and does not ferment sugars. 

It produces catarrhal conjunctivitis (angular 
conjunctivitis) that runs a subacute or chronic 
course. Corneal involvement may occur. A few 
species of Moraxella occasionally give rise to 
more severe infections in man such as sept'c 
arthritis, meningitis and endocarditis. 

M. lacunata is very sensitive to zinc salts and 
they have a specific effect in the treatment of con- 
junctival disease. Moraxella are sensitive to 
penicillin and most other antibiotics. 

Further Reading 

Blackwell. A L. and Barlow, D. 1982. Clinical diagnosis of nonspecific vaginosis Bnt J. Ven.Da.S9 387. 

Kilian.M el al. 1982 Haemophilus, Pasteurella and Acilnobaciltus New York Academic Press. 

Mardh. P A.andTaylor-Robinson, D eds 1984 Bacteria! \agtnosis Almquistand Wiksell 
McEntegart, M G etal 1982 Haemophilus ducreyi infection J Hyg 89 467 
Sell, S H. and Wright, P F 1982 Haemophilus influenzae. Amsterdam: Elsevier 
Sng.EH ciai 1982. Chdracieristicsof Haemophilus ducreyi Brtt J Ven Dir 58239. 

Turk, DC. 1982 Haemophilus influenzae PH US monograph No. 17. London HMSO 


does not grow in ordinary media, but as it does 
not require the X and V factors, it has been sepa- 
rated into the genus Moraxella. Moraxella are 
parasitic and have their main habitat on the 
mucosa of nasopharyngeal, conjunctival and gen- 
ital tracts. They have been classified into six 
species. 

In smears from conjunctival discharges 
M. lacunata appears as short, ovoid (2-3p x lp.). 
Gram negative rods arranged in pairs or short 
chains. It can be grown in media containing 
blood, serum or other animal protein. On Loef- 
flei’s serum slope, colonies produce indentation 


37 


Bordetella M 




The genus Bordetella contains three species, 
Bord. pe rtuss is, Bard, p ara pertussis and B ord. _ 
b ronchiseptic a, which were formerly classified 
under the genus Haemophilus. As they do not 
require the X and V factors for growth, they have 
been separated into a new’ genus named after 
BoTdet, who along with Gengou, discovered the 
most important member of this group, Bord. per- 
tussis, the causative agent of whooping cough 
(pertussis). The members of this genus are small, 
Gram negative coccobaciH i that do not ferment 
carbohydrates and are strict aerobes. They are 
H^S. indoJeTand VP negativ e. They are parasitic 
in the respiratory tract of man or animals and, on 
primary isolation, grow only on complex media. 

Bordet and Gengou (1900) observed a small, 
ovoid bacillus in the sputum of children suffering 
from whooping cough and succeeded in cultivat- 
ing it (1906) in a complex medium. This was soon 
established as the causative agent of whooping 
cough. A related bacillus, Bord. parapertussis 
was isolated from mild cases of whooping cough 
in the United States (1937). This has since been 
reported from other countries also. Bord. bron- 
chiseptica originally isolated from dogs (1911) 
causes bronchopneumonia in animals. It may 
occasionally infect man, producing a condition 
resembling pertussis. 

Bordetella pertussis 

(Bordet-Gengou bacillus; formerly Haemophilus 
pertussis) 

Morphology: Bord. pertussis is a small, ovoid 


coccobacillus (mean length 0.5 p.). In primary cul- 
tures, cells are of uniform size and shape, but on 
subculture, they may become longer and thread- 
like. It is nonmotile and nonsporing. It is capsu- 
lated, but tends to lose the capsule on repeated 
cultivation. The capsule can be demonstrated by 
special stains, but apparently does not swell in the 
presence of the antiserum. In culture films, the 
bacilli tend to be arranged in loose clumps, with 
clear spaces in-between, giving a ‘thumb-print!_ 
appearance. Freshly isolated strains of Bord. per- 
tussis have bmbriae. 

It is Gram negative. Bipolar metachromatic 
granules may be demonstrated on staining with 
toluidine blue. 

Cultural characteristics: It is aerobic. No growth 
occurs anaerobically. It grows best at 35°C - 
36°C. 

Complex media are necessary for primary iso- 
lation. The medium in common use is the Bordet - 
Gengou glycerine-pota to -blood agar. Blood is 
required apparently not to provide additional 
nutritive factors , but rather to neutralise inhibit- 
ory agents like toxic fatty adds. Charcoal or ion- 
exchange resins incorporated in culture media 
may serve the same purpose. After several sub- 
cultures, growth may occur on ordinary media 
like nutrient agar, but such cultures are avirulent. 

Growth is slow'. After incubation for 48 - 72 
hours, colonies on Bordet-Gengou med iunTare 
small, dome shaped, smooth, opaque, viscid, 
greyish white, retractile and glistening, resembl- 
ing ‘ bisected pea rls’ or ‘ mercury drop s'. Colonies 
are surrounded fay a hazy zone of haemolysis. 
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Confluent growth presents an ‘aluminium paint’ 
appearance. 


for Bord. parapertussis. Factors 1 - 6 are found 
only in strains of Bord. pertussis. Al l strains carry 
Factor”! "and one or more of the other factors. 
Biochemical reactions: It is biochemically inac-jl These antig en s are not specific determinants of 
tive. It does not ferment sugars, form indole, 
reduce nitrates, utilise citrate orsplit urea. It pro- 
duces oxidase and, usually, catalase also. 


pathogenicit y, but they afford a methodoT 
serotyping the strains for epidemiological pur- 
poses. k ' ' 

The capsular layer also contains a hacmaggluti - 
nin, acting best at high temperatures (42 tT- 
50 8 cn RecTceU Qrom~& varietyTVrspectes are 
ag gluti nated. Hae magg lu tination is specifically 
neutralised by the an tiserum. 

Other biologically active substances described 
include a protein lyrnphocy tosis promoting factor 
which induces pronounceinymphocytosls in 
mice, a peptide tracheal c ytoioxin which causes 
ciliostasis and damage to respiratory epithelial 
cells, and a polymorphonuclear leucocyte Inltibi t- 
ingfactor. 

Despite the identification of a variety of anti- 
gens, their relative roles in pathogenesis and 
immunity remain ill defined. The biologically 


Resistance: It is a delicate organism, being killed 
readily by heat (55°C for 30 minutes) , drying and 
disinfectants. But unlike H. influenzae it retains 
viability at low temperatures (G°C -4 9 C). 

Outside the body, Bord. pertussis in dried 
droplets is said to survive five days on glass, three 
days on cloth and tr few hours on paper. 

Antigenic properties: Several antigenic factors 
have been recognised. On first isolation, all 
strains appear to be antigenically homogeneous 
and are agglutinated by a common antiserum. 

A heat stab l e liponolvsncch a ride endotoxin 
can be isolated from the cell wall . Like other 
endotoxin s, it is pyrogenic m animal s. I t has active substances determining the virulence of 
ad invent prope rties, but N not protectee. It is B. pertussis appear to be under the control of a 
c ommon to all smooth strai n s of Bord. p ertussis, single gene. 1 1 

Bord. paraper tussis and Bord. bronchis epuca. ’ 

A heat labile (inactivated at 56°C in 15 Variation * Bord. pertussis undergoes a smooth 

minutes) protein toxin has also been identified. It to rough variation All fresh isolates are in the 

is dermonecrotic on i ntracutancous in oculation smooth form (Phase I). On subculture, they 

in to mic e. Antitoxin appears only after inoculation undergo progressive Joss of surface antigens, and 

of extracted toxin (or toxoid), but not after pass through phases II and III, finally becoming 

natural i nfecti on. It is doubtful whether this toxin phase IV, whichjs the rough, avirulent form. ’ 
plays any pathogenic ro le in na tu ral infe ction. A reversible change in the capsular antigens 

Another heat labile exotoxin called the perms- has been described as ‘modulation’. The bacillus 
s is, to tin is considered to be a major virul ence tac- ’ may occur in one of three potential ’modes', X,l 
tot. It has histamine sensitising and islet cell and C, each of which has a characteristic surface 
activating properties. . It is considered ToTie antigen Modulation is influenced by the nature 
responsible torThe p aroxysmal cough chara c- of the culture medium. On Bordet-GengotL . 
teris tic of pertuss is. Pertussis toxin is present in medium, fresh isolates always occur in the X 
Pha se Ij.but.npt in Phase IV strains. m ode. 

Freshly isolated strains possess heat labile, r ’ _ * 1 f ‘ 

agglutinating antigens associated with the cap- Pathogenicity: Bord. pertussis is an obligate 
sulc ( K antigens L consisting of different factors, “human parasite, but infection can be produced 
numbered 1-14. Fa ctor? is c ommon to all strains experimentally in several species of animals." the 
of the three species of Bordete lla. Factor .12 is white mouse being most often employed, 
specific for Bord. bronchtsepnca and Fa ctor J 4 I ntra n asal inoculation in mice 'in duces a charac - 
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teristic patchv interstitial pneumonia, histo-. 
logically resembling the human disease. 
I mrapentoneal inoculation of Iarge~35$esisfata l, 
due to toxaemia. Intrace re b rat inoculation 
causes a fatal infection. Imm unise d mice are 
p rotected . Thi s forms the basis for the intra - 
cerebral mouse p ote ncy assay for pertussis vac - 
ones. 

jn man, after an incub ation period of about 
one to mo weeks, the disease takes a protracted 
course, consisting of three stages, t he catarrhal , 
paroxysmal and convale scent. eac h lasting 
appr oximately two weeks . The onset is insidious, 
with loxv grade fever and catarr hal symptoms and 
a dry, irritat ing coug h. Clinical diagnosis in the 
catarrhal stage is difficult. This is unfortunate, as 
this is the stage at which the disease can he 
arrested by antibiotic treatment T his is also the 
stage of maximum mfectmn As the catarrhal 
stage advances to the paroxysmal stage, the cough 
increases in intensity and comes o n in distinctive 
bouts . During the paroxysm, the patient is sub- 
jected to violent spasms'ofTontinuous coughing , 
fo llowed by a Iona inrush of air into the almo st 
empty lungs with a characteristic iwhoop' The 
paroxysmal stage "is followed by convalescence . 
during which the frequency and severity of 
coughing gradually decrease . 

T he disease usually lasts 6 - S w ee ks, though 
in some, it may be very protractcdTCompltca’- 
tions may be due to: ^pressure effects during the 
violent bouts of coughing (subconjunctival 
haemorrhage, s ubcutaneous emphysema ), 
2) respiratory (br o nchonneumo maJungxQlbpsej , 
o r 5) neurological (convulsions, comab R espira- 
tory complications are selblimited, the atelectasis 
resolving spontaneously, but the neurological 
complications may result in permanent sequelae 
such as e pilepsy , paralysis , ret ardation, bli ndness 
or deafnes s. 

TKe'mfection is l imited to the respiratory tra ct. 
and the bacilli do not invade the bloodstream.,! n 
the initi al stage s, the bacilli are confined t o th e 
naso pharynx, tra chea and bronchi. Cl umps o f 
bacil li may be s e en en meshed jnJhe_cilia.of. the 
re spira tor y epithelium. As the di sease progres- 


ses, inflammation extends into the lungs, produc- 
mtTa diffuse bjonchopoemnoma-with desquama- 
tion of the alvepla Lgpj thelium. 

Blood changes in the disease are-distinctive 

and jtelpfu l judia gnosis. A ma rked leucocytosis 

occu rs, w ith relative ly mphocytosis ( total leueo- 
cy te court ts 20.000 - 30TOOO per entm with 60 - 80 
percent lymphocytes). The ervthrocvt e sedimen- 

d arv infection is present. _ 

Epidemiology: Whooping cough is predomin- 
antly a pediatric disease, the incidence and mor- 
tality being highest in the first year oflife. Mater- 
nal antibody does not seem to give protection 
against the disease. Immunisation should, there- 
fore. be started early. The disease is commoner 
in females than in males at all ages. It is world- 
wide in distribution It occurs as epidemics periodi- 
cally, but the disease is never absent from any 
community. 

The source of infection is the patient in the 
early stage of the disease. Infection is transmitted 
by droplets and by fomites contaminated with 
oropharyngeal secretions. Whooping cough is 
one of the most infectious of bacterial diseases 
and nonimmune contacts seldom escape the dis- 
ease. 

The secondary attack rates are highest in close 
household contacts. Subchmca! infections seem 
to be infrequent, and asymptomaticcamers have 
not been identified. Natural infection confers 
protection, though it may not be permanent, and 
second attacks have been reported. 

Bord. pertussis causes 95 per cent of whooping 
cough cases. About 5 per cent of the cases are 
caused by Bord. parapertussis. This is generally a 
milder disease and the incidence varies in diffe- 
rent countries. About 0. 1 percent of the cases are 
caused by Bord. bronchiseptica. A clinical syn- 
drome resembling whooping cough may also be 
produced by some other respiratory pathogens, 
such as adenoviruses and Mycoplasma pneumo- 
niae. 

Laboratory diagnosis; The bacilli are present in 
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the upper respiratory tract most abundantly in 
the early stage of the disease. They may be 
demonstrated by microscopy or, more reliably, 
by culture. Jn the paroxysmal stage, the bacilli 
are scanty and during convalescence, they are not 
demonstrable. Antibodies develop late and help 
only in retrospective diagnosis. 

Microscopical diagnosis depends on demonst- 
ration of the bacilli in respiratory secretions by 
the fluorescent antibody technique. 

For culture, specimens may becollected by dif- 
ferent methods: 

1. The cough plate method: Here a culture plate Is 
held about 10 - 15 cm in front of the patient’s 
mouth during a bout of spontaneous or induced 
coughing, so that droplets of respiratory exudates 
impinge directly on the medium. This has the 
advantage that specimens are directly inoculated 
at the bedside. 

2. The postnasal (peroral) swab: Secretions from 
the posterior pharyngeal wall are collected with a 
cotton swab on a bent wire passed through the 
mouth. Salivary contamination should be avoided. 
A West’s postnasal swab may be conveniently 
employed. 

3. The pernasal swab: Here a swab on a flexible 
nichrome wire is passed along the floor of the 
nasal cavity and material collected from the 


pharyngeal wall. This method yields the highest 
percentage of isolations. , . 

The swabs are to be plated without delay. In 
case of delay, the swab should be transported in 
0.25-0.5 ml casamino acid solution , pH7 .2, mod' 
ified Stuart’s medium or Mischulow’s charcoal 
agar. The medium employed is the glycerine- 
potato-blood agar of Bordet and Gengou or one 
of its modifications. Incorporation of diamidine, 
fluoride and penicillin (Lacey’s DFP medium) 
makes it more selective. Plates are incubated in 
high humidity at 35 < ’C- 36*C. Colonies appear in 
48-72 hours. Identification is confirmed by mic- 
roscopy and slide agglutination- Immunofluores- 
cence is useful in identifying the bacillus indirect 
smears of clinical specimens and of cultures. The 
differentiating features of Bord. pertussis, Bord. 
parapertussis and Bord. bronchiseptica are listed 
in Table 37.1. 

For serologica l diagnosi s, ri $e_in_titre _o t 
antibodies may be dem onstrated in p ai red sen^n 
s amples by a ggl utinatio n, g erprecipitation or 
c omplement fixat ion tests. As antibodies are late 
to appear, the second sample of serum should be 
collected some weeks after the onset of the dis- 
ease. 

Prophylaxis'. Preventing the spread of infection 
by isolation of cases is seldom practicable as 
infectivity is highest in the earliest stage of the 
disease when clinical diagnosis is not easy. 


TABLE 37.1 

Differentiating features of Bordetella species 



Bord. 

pertussis 

Bord. 

parapertussis 

Bord • 

bronchiseptica 

Cell shape 

coccoid 

rod 

coccoid 

Motility 

- 

- 

+ 

Growth on nutrient agar 

— 

+ 

+ 

Pigment 

- 

+ 

- 

Nitrate reduction 

— 

— 

+ ' ' 

Grease 

— 

+ - 

’+ 

Oxidase 

+ 

- 

+ 

Catalase 

+ 


+ 
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Specific immunisation with killed Bard, pertus- 
sis vaccine has been found very effective. It is of 
the utmost importance to use a smooth phase I 
strain for vaccine production. The method of 
inactivation should be such that antigenic 
potency is unaffected. Detoxication with 0.2% 
merthiolate during several months' storage at 4°C 
has been recommended as a satisfactory proce- 
dure. It is also perhaps necessary to ensure that 
the vaccine strain contains a full complement of 
the serotype antigens. Some purified antigens of 
the bacillus (e.g., Pillemer fraction) have been 
shown to be protective, but they are not in com- 
mon use. Alum adsorbed vaccine produces better 
and more sustained protection and less reaction 
than plain vaccines. Pertussis vaccine is usually 
administered in combination with diphtheria and 
tetanus toxoid (triple vaccine). Not only is this 
more convenient, but it has also the additional 
merit that Bord. pertussis acts as an adjuvant for 
the toxoids, producing better antibody response. 

In view of the high incidence and severity of the 
disease in the newborn, it is advisable to start 
immunisation as early as possible. Three injec- 
tions at intervals of 4 - 6 weeks are to be given 
before the age of six months, followed by a boos- 
ter at the end of the first year of life. 

Children under four years who are contacts of the 
case should receive a booster even if they had 
been -previously immunised. They should also 
receive chemoprophylaxis with erythromycin. 
Nonimmunised contacts should receive ery- 
thromycin prophylaxis for ten days after contact 
wfife the patient hss cessed. Pertussis vaccination 
may induce reactions ranging from local soreness 
and fever, to shock, convulsions and encephalo- 
pathy. Provocation poliomyelitis is a rare compli- 
cation. 

Factorscontributing to toxicity or postvaccinal 


encephalopathy have not been defined. The latter 
complication is estimated to occur in one in 5 ^ 10 
million injections. Estimated neurological com- 
plications of natural disease have ranged from 1.5 
to 14 per cent in hospitalised cases; a third of 
these recover, a third have sequelae and a third 
die or have severe defects. 

If neurological complications develop during 
DPT immunisation, it should be stopped and the 
immunisation continued with DT vaccine. To 
avoid the possibility of complications of pertussis 
vaccination, an acellular vaccine containing the 
protective components of the bacillus, first 
developed in Japan, is being tried. 

Treatment: Bord. pertussis is susceptible to Sev- 
eral antibiotics (except penicillin), but antimicro- 
bial therapy is beneficial only if initiated within 
the first ten days of the disease. Erythromycin is 
the drug of choice. Chloramphenicol, tetracyc- 
line and ampicillin are also useful. 

Bordetella parapertussis 

This is responsible for about five per cent of 
whooping cough cases and generally produces a mild 
disease. The characteristics listed in Table 37.1 
enable differentiation of this bacillus from Bord. 
pertussis. 

Bordetella bronchiseptica 
(Bord. bronchicanis) 

This is motile by pentrichate fiageKa. It is awi- 
genically related to Bord. pertitssis and Brucella 
abortus. It occurs naturally in the respiratory 
tract of several species of animals. It has been 
found to cause a very small proportion ( 0.1 per 
cent) of cases of whooping cough. 
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Brucella 


The genus Brucella consists of very small, non- mistaken for cocci, as was done by Bruce wh o cal- 
motile, aerobic^ Cram negative coccobacilli that led them Micrococcus meliten sis. In old cultures 
grow poorly on ordinary media and have little or irregular forms appear. They ar e nonmolile JlQ fl-- 
no fermentative powers. They are strict parasites y cnpsulated and nonsporinc- T hey a re Grnmnega- 

ofammals and may also infect man. t) t ive and nonacid fa st. Dipolar staining islidT 


Brucellosis is a yfoonos te, primarily affecting uncommon .) , 
goats, sheep. cattleTIi uffnToes. pic sand other ani- 
mals and transmuted to man vy contact with Cultural characteristics 
infected animals or through their products. The 
human disease had been recognised along the 
Mediterranean littoral from very early times and 
had been known under various names such as 


£>- 


Brucellae are s trict aerobes and do not grow 
anaerobically,/ ^, abortus i s c apnophilic, r equir- 
ing 5-10 per cenfCOa while Br.suisis unaffected. 
Mediterranean fever, Malta fever and undulant_fr The optimum temperature is 37°C (range 20® - 
le ver,! l ^ruce (1H87) ' isoTaTed" a small micro 40°C) and pH 6 6-7.4. They may grow on simple 


organism from the spleen of fatal cases in Malta 
and transmitted the disease to monkeys experi- 
mentally. This has been named Brucella mclitcn - 
sis (Bru cella aflei B ruce: meiilensis after Mehta , 
the Roman name for Malta). The demonstration 


media, though growth is slow and scanty on prim- 
ary isolation. Gr owth is improved bv addition o f 

widely used for the cultivation of brucellae.J$£_ 
media employed currently are /grum-dextro\e- 


by Zammit (1905) thaFSr rn cluensts was carried agar, serum-potato-inf usion-agjr, trvp ticases oy- 
by goats and excreted in their milk led to theTvir 1 j tgar or trvptosc-ag ar. i he addition of bacitra cin, 

’ — ’ ’’ * **“■ J * c * J — priiymyx'm ani cyc'i tineximitie foYne tfoovuut&A 

ma kes them selectiv e., 

Injtquid media, growth is uniform, and in old 
cultures a powdery or viscous deposit is formed. 
On sol id media, colonies are small, moist, trans- 
l ucent and ghsfenixig M ucoid, smooth and rough 
types of colonies appear, associated with changes 
in antigenic structure and virulence. 

They grow in tH ebhonoallantoic memkcgne o f 
t hechick embryos and bring abouttheir death ln 
a fewda ys. AU grow intracellul ary < — Br. melftcn - 
Brucellae are coccobacilli ot short rods, 0. 5-0.7 p. sis in the ectoderm al Cells and B r. ob &rjusjind 
X 0_6M5 n in size, arranged singly orTn short Br.suis in cells of mesodermal origin and m the 
chains. The cells are s6 small that they may be va scular endothe hgm. 


ttfifi c'rminnrouii efi Yne tfisease 5rum Yne ’ftfririn 
soldiers in Malta by prohibiting the use of goats* 
milk and milk products. Bang (1897) described 
j ^Jlr. abortus , the cau se of contagious abortion in 
cattle . The third major species in the genus, 
Br suis was isolated by Trau m (19141 from pies in 
the USA Other species have since been isolated 
from different animals 

Morphology 


tk 

. f 
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Hrythrito l has a specially stimulating effect on 
the growth almost strains of br ucella ) . 


Biochemical reactions 


No carbohydrates are ordinarily f ermente d, 
thoug h the y. posse ss oxida tiyecapacity. Th ey ar e 
^/cat alase positive, oxidase posit ive (except for Ur. 
neotomac and B r. ovts which ar e negative) and 
ur ease positiv e. Nitrates are reduced to nitrites. 
Citrate is not utilised, i ndole is not produced and 
MR and VP tests are negative. 


Resistance • 


variety of other facto rs besides antigenic stru c- 
ture.' * 

A large number of antigens have been iden- 
tified by gel precipitation techniqu es. Antigenic 
^/ fross reactions exist between brucellae and 
y. cholerae and persons receiving cholera vacci ne . 
^ay develop brucella agglutinins lasting for 
aVoufthree veafs. Antigenic cross reactions also 
exist with E. coli 0:116, 0:157; salmonella 
serotypes group N (0:30 antigen) (Kauffmann 
and White), Ps. maltophila, Y. enteroco litica and 
F. tularensis. A superficial L antigen resembling 
salmonella Vi antigen has been described. 


Brucellae are de stroyed by heat at 6Q°C in. 
10 minutes and b y 1% ph enol is 15 minutes. They 
are' Vi'Heirby p asteurisation. ^I hey ma y survive in 
soil and manure for several weeks. They remain 
vi able for 10 days in refrigerated milk, one morith 
in ice, c ream, four mon ths in butter'andfor vary - 
ing periods in ch eese^e pendmg on its pijj t hey 
may also survive for many we eks jnjneat. The y 
are sensitive to direc t sunlight and acid, anTtend 


to diein' butfg T hiilk 't' Br. meliten |?Jjm ay remain 
:cksindustandi0 


alive for s uctlaysirTurine . s ix weeks. 
weeks in water. 


jCZ. \o 


A ntigenic structure j 


The somatic antigens of brucellae contain two 
main antigenic determinant s, A and M wh ich are 
present in different amounts in the three major 
species. B r. abort us c ontains about 2(1_times as . 
muc h A as M; B r, mehtensis about 20 times M nsik 
Br.' suts has an^ntermetliate antigenic pattern. 
Absorption of the'rnirior antigenic component 
from an antiserum will leave most of the major 
antibody component and such abso rbed A and M 
monospecific sera are useful for spcciesTdentih 
cation by agglutination test. The species identifi- 
cation of bruce lla strains' is not, however, _so 
straightforward _ and ' strains ar e often seen 
that behave bioche mically as abortus and 
serologically as ‘jnelUensts and vice versa.' 
Species and biotype identification depends on a 


Brucella bacteriophage : Several bacteriophages 
that lyse brucella strains have been isolated. All 
these phages are serologically similar. The Tblisi 
(Tb) phage has been designated as the reference 
phage and at RTD lyses Br. abortus only. Br. suis 
is lysed at 10,000 RTD while Br. melitensis is not 
lysed at all. 


Classification 


Brucellae may be classified into different species 
ba sed on CO; requirements , H 2 S production , * 
sensitivity to dver T basic luchsin and thtonin ). 
agglutination by monospecific s era, phage lysis 
and oxidative m etabolic Tests^ with amino acids 
and carbohydrates. The three major species are 
Br. melitensis, Br. abortu s a nd Br. suis , infecting 
primarily goats or sheep, cattle and swine, res- 
pectively. Three biotypes have been recognised^ 
in Br. melitensis, 8 (1-9, number 8 deleted) jn 
Br. abortus and four in Br. suis. 

Br. suis strains that produce H 2 S are known a s 
‘A meric an* and those that do not, as ‘Da nish! 
strains.^- 

— Br. neotomae has been isolated from desert, 
wood rats in the USA7 Br. ovis from sheep in 
Australia and Br. canisjrom dogs in USA. 


Pathogenicity 


All the three major species of. brucellae are 
pathogenic to man. Br. melitensis is the most 
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TABLE 38.1 

Differential characteristics of Brucella species and biotypes 


1 

t/1 

Biotype j 


1 
'3 
c r 
£ 

8 

.2 

6. 

Growth on dye 
media 

Agglutination 

by 

Most common 
host 

K t2 — 

: Thionin | 

I J -ij 

! 

Mono- 
specific sera 

A M 

f, 
|1 
G V ‘ 
< 

n 

i 

J 

H 

<b 

c 

H 
at , 

Br. 

1 

- 

- 

- 

- 

+ 

- 

+ 


- 

+ 



Sheep 

mehtensis 

2 
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- 

- 

- 

+ 

- 

+ 


+ 

— 

- 

goats 


3 

- 

- 

- 

- 

+ 

- 

+ 


+ 


- 
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+ 

+ 

_ 

- 


+ 

_ 

- 
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- 

- 


+ 

- 

- 
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+ 

+ 


+ 

- 

- 



Br. 

4 
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- 

- 


- 

+ 

- 



abortus 

5 
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- 

+ 


— 

4- 

- 
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- 
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Pigs 


2 

- 

+ 
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+ 

- 

- 

Pigs, hare 

Dr. suts 

3 

— 


- 

- 

+ 

+ 

+ 


+ 

- 

- 

Pigs 


4 

- 

+ 

- 


+ 

+ 

+ 


+ 

+ 

- 

Reindeer 

Br. 


_ 

+ 

_ 

+ 


- 

_ 


+ 

_ 


Wood rat 

neotomae 















Br. ovts 


- 

- 

+ 

- 

+ 

+ 

+ 


- 

- 

+ 

Sheep 

Br. cants 


- 

- 

- 

- 

- 


+ 


- 

- 

+ 

Dogs 


pathogenic, Br. abortus the least^nd Br. suisjjf 
intermediate pathogenicity. Human infection 
may be of three types: 1) Latent infect iQjy/frith 
only serological, but no clinical evidence, 2) acute 
or subacute brucellosis, and 3) chrome brucellos^. 

Acute brucellosis is known as undulant fever. 
and is mostly due to Br. mehtensis. It is associated 
with prolonged bacteraemia. The fever is irregu- 
lar, consisting typically of intermittent waves or 
undulations of pyrexia, of a distinctly remittent 
type. The symptomatology is varied, consisting 


of muscular and articular painj^asthnytic 
attacks, nocturnal drenching sweats, exhaustion, 
anorexia, constipation, nervous ir ritab ility and 
chills. The usual complications are articular, 
osseous, visceral or neurological. 

Chronic brucellosis, which is usually nonbac- 
teraemic, is a low grade infection, with periodic 
exacerbations. The symptoms are generally 
related to a state of hypersensitivKy in the 
patient, the common -clinical manifestations 
being sweating, lassitude .and joint pains, with 
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minimal or no pyrexia. The illness lasts for years. 

Brucellosis is primarily a disease— of— the 
reri culoendotheli aLsystem- Brucellae have a spe- 
cial predilection for intracellular growth and may 
be de monstrated inside phagocytic cells. This 
accounts for their refractoriness to chemotherapy 
and the coexistence of viable bacilli with high 
levels of circulating antibodies. There is some 
evidence that cell mediated immunity may play 
an important role in recovery from brucellosis. 
This cellular immuni ty appears to require th e 
cooperation of an unidentified serum factor. The 
ability of virulent strains of Br. abortus to resist 
the'destructive action of phagocytosis is ascribed 
to the presence of a substance in the cell wall of 
the bacterium which can be specifically ne ut- 
ralised by antiserum. 

The brucellae sprea d from the initial site o f 
infection through lymphatic channels, to the loca l 

They then spill over in to theJrloQdsiream and are 
disseminated throughout the _body . They have a 
p redilection for th eplacenta, jffQbaMVLdueJoihe 
p resence in itofervthnto lqwhic h has a stimul at- 
ing e ffect on brucellae in culture. — 

Of the laboratory animals, the guinea pig is the 
most susceptible. The Straus reaction can be eli- 
citedin male g uineapips. 

Epidemiology 

Human brucellosis results from ^transmission 
from animals,’directly or indirectly, Mgn to man 
transmission does not seem tqpc6ur. The animals 
that commonly act as sources of human infection 
are goats, sheep, cattle, buffalo and swine . In 
some parts of the world, infection may also come 
from dogs, reindeer, caribou, camels and yaks. 
The modes of infection are by ing estion, contact, 
inhalation o r acci dental inocu IatioiL. ^ 

The most important vehicle of infection is raw 
milk. Milk products, meat from infected a nimal s 
and raw vegetables or water supplies contami- 
natetfby faeces or the urine of infected animals 
may also be .responsible. Infection by contact 
occurs when brucellae in vaginal discharges. 


f etuses , pl acenta, urine , manure or_ carcasses 
enter thr ough ski n, mucosa or conjunctiva. Con- 
tact infection is especially importanLaian .occu- 
pational hazard in veterinarians, butchers and 
animal handlers, and is particularly common dur- 
ing the calving seaso n. Infection is transmitted by 
inhalation of dried material of animal origin such 
as dust from wool. Infection by inhalation is a 
serious risk in laboratory workers handling 
brucellae. Infection by accidental inoculation is 
not infrequent among veterinarians and labora- 
tory workers. 

Brucellae have a wide host range, but exhibits 
degree of host preference in natural infections— 
Br. melitensis being p redominantly in goats and 
shee p . BrTabortus in ca ttle and Br. suis in sw ine. 
Foci of infection with brucellae may occur also in 
wild animal populations independent of domesti- 
cated animals. Infection is transmitted among 
animals direc tly or throug h blood sucking 
arthropods, particularly tides. 

Brucellosis is worldwidem distribution and is 
endemic in certain areas such as the Mediterra- 
nean countries. Human infections are caused by 
different species of brucellae in different areas. 

In Great Britain, Br. abortus is the only species 
responsible f or human infection s, whi le in the 
swine rearing are as of the USA, most cases a re 
due to B r. suis. Almost all human infections in 
the different parts of Ind ia are due to Br. melilen- j t 
sis acquired from go^tiand-Sheep. In a serologi- 
cal survey of over 30,000 goats and sheep from 
Haryana, Mathur(1968) found evidence of infec- 
tion in about 6.5 per cent of the animals. Of the 88 
strains isolated from sheep and goats, 71 were 
B r, melitensis and 17 Br. abortus * Cows a nd bnf . 
Taloes in rural areas were free from infection, but 
those in organised farms were found infected. All 
the isolates from cattle were Br. abortus. 

— v'' 

Laboratory diagnosis: The clinical manifesta- 
tions of human brucellosis are variable, and only 
if a high index of suspicion is maintained will the 
disease be identified. Clinical diagnosis i s oft en 
impossible and laborat ory aid is, therefore, 
essentiaiyXaboratory methods for diagnosis 
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include culture-? serolpgy and hypersensitivity Blood cultures are positive onl y in about 30-5 0 
tests. ' * j 'S /fTXper cent of cases, even when repeated samples 

Blood culturcXthe most definitive method foC/are testedj/f. mehtensis and Br . suis are isolat ed 
the diagnosis of brucellosis. Blood Is inoculated more readily than Br. ahorrns- Culture may also 
into a bottle of trypticasc-so^broth. tryp^c be obtained fr om bone marrow, lymph nodes, 
broth, or liver Uduom broth and incuhatetLat ccrebtosoioaLfluid, unnejmsi abscesscsTll ntc- 


37°C under 5-10 per cent CCK Subcultures arc 
made on solid media every 3-5 days, beginning 
on the fourth day. Growth may often be delayed 
and cultures should not be declared negatives 
less than 4-8 weeks. 

The Castaneda method of blood ^culture has 
several advantages and is recomtnendgd^Here. 
both liquid and solid media are ava il able jn. the 
<3 me bottle. The blood is . inoculated intQ -ihc 
broth and the bottle in cubated m ihcjipnghtposi- 
tion. For subculture, it is suffici crtliCiheiioUle-is 
tilted so that t he broth Ho ws. over the surface,of 
the agar slant. It is agai n inc ubatcdintiic upright 
position Colonies appear on the slant. TTiis 
method mmimises'materials and manipulation, 
reducing chances of contUmfnalTpn ^nd ri sk o f 
infection to laboratory workers/ 



sent, and. on occasion, also from sputum, breast 
milk, vaginal discharges and s eminal fl uid. 

As cultures are often unsuccessful, serological 
methods are important in diagnosis. Several 
serological tests have been developed, including 
agglutination, complemen t fixation, passiv e 
haemaeclutination. surface fixation, immun e- 
fluorescence and opsonocytophagicjpits. 

The agglutination test is performed m ost of ten 
This is a lube agglutination tes t in whi ch equal 
volumes of serial dilutions of patient** scrum and 
the standardised antigen (a killed suspension of a 
standard strain of Br. abortus) arc mixed and 
incubated at 37°C for24 hours. Several sourecsof 
error have to be guarded against. Sera often con- 
tain ‘blocking* or ‘nonagglutinating* antibodies 
The blocking effect may sometimes beremo'ed 
by prior heating of the.scrum' at‘55*C for 30 
minutes or by Using 4% saline as the diluent for 
the test. The most reliable method for obviating 
the blocking effect and detecting the ‘inc ompl ete’ 
antibodies is the antiglobulin^ goombs) test. As 
prozone phenomenon to highlit res (upto 1/640) 
is very frequent in brucellosis, it is essential that 
several serum dilutions be tested. A positive 
wggtt&r&Myh VuA Trot} tft’pitAl'KH kfj sfewfcwx. 
tularaemia or yersinia infection or immunisation 
Cholera induced agglutinins may be differen- 
tiated by the agglutinin absorption test and also 
as they are removed by treatment with 2 - mer- 
captoethanol . In order that results from different 
laboratories be comparable; it is the practice to 
express agglutinin titres in International Units. 
This is done by using a standard reference scrum 
for comparison. /£) 

In brucellosis, both Ig\U?ind Igffantibodies 
appear in 7-10 days afterthe on<et of cluiic.il 
infection. As the disease progresses. IgW-anti- 
hftdies decline, while the IgCL antibodieS persist 
or increase in litre. In chronic infe ction s, IgM 
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may often be absent and only IgG cjm h e 
demonstrated. 'I he agglutination test identifies 


The methods used for the laboratory diagnosis 
ifhmp nn hriief>Hn.tk_mny also be employe^ for 


mainly the fgM antibody, while both IgM and the diagnosis of animal infections. In addi(,on. 
IgG fix complement. The I gG and IcA antibodies brucdlae may be demonstrated microscopically 


ma y_ act as •blocking* or ’nonagglutinatin g' m pathological specimens by suitable staining or 


antibodies /It is thus evident t hat the agglutwa - 
tion test is usually p ositive in acute infecti on, but 


by immunofluorescence. S everal rapid methods 
have been employed for detection of brucellosis 


may only be weakly positive or even be negative in herds of cattle. These include the ‘rapid Mate 
in chronic cases The results of the agglutination agglutination test' and the ‘Rose Bengal card j 

u- ,r..it.. - ..r .1 ... 


tests, therefore, have to be evaluated carefully xtcsik For detection of infected animals in dairies, 
While a high titre of agglutinin s, and especially pooled milk samples may be tested fo r bacilli h v 


demonstration of a rise m titre, can be takenjis culture and for antibodies by several t cchniqiuy . 
diagnostic, even a negative agglutination , test In the ‘milk ring test', a sample of vdiofc-milV. j s 




may not exclude th e possibility of brucellos is-H^ mixed well with a drop of the stained hrueH 1 ;> 

The complement fixation test is more useful in antigen La concentrated suspensio n of. 1 


chronic cases as it detects IcG antihod 


ace fixation test {Castaneda strictest) is sim- batedjn water bath at 70 C for. 40 -50 minutes Jf 


SMB 


pie and suitable for screening, its principle is that antibodies are prese nt in the milk, the haciHU rr 
antibody is able to ‘fix’ a coloured brucella anti- agglutinated and nse with the cream to for m t! 


gen on a strip of filter pape r, prevent! ngy ts move- plue ring at the ton, leaving the milk unstained. jf 
ment along t he paper when iL is .applied ov er antibodies are absent, no coloured ring is foripcd 
saline. H uddleson’s ppsonocvtoah acic^tcst is and the milk remains uniformly bl ue. Whey 


based on the .opsonic activity of brucella anti- agglutination test is another u seful meth od for 
bodies. It is not suitable for diagnostic testing detecti ng antibod ies i n milk 


The indirect immunofluorescence test is a specific 

and sensitive method for dctcctmgthe antibodies Prophylaxis 

and may be positive even when the agglutination 

test is negative But the procedure is too complex As the majority pf human infections are acquir ed 


for routine use. ELISA has been found to be a by consumptionjuLciH>larnmatcd rriilk, preven- 


tionconsists of checking brucellosis in dairy &nt- 


for differentiation of acute and chronic phase of mals. In many advanced countries, thix ts 


achieved by detection of infected animals, their 


Hypersen sitivity to brucella antigens may b e elimination by slaughter and the developmcotxif 
demonstrated bv_an _intraderm.il test {brucellin 2 certified brucella-free -herds. pasteurisation 
test). This is not useful for the diagnosis of acute milk is an additional safeguard. Vaccines h 


„jhfcctions, bu t may 


osg^nuntmnk^ These include 


losis, uHcrc a positivcskin test may sometimes be the living attenuated Hr. abortus strain 19 vacc ine 
the only obje ctive indicator of infection. A per- for cattle and the killed H3S adjuvant vaccinfro r^y 


sistently negati ve skin test helps to exclude the living attenuated lir. mclncnsh Rev, 1 v ;(C - 
brucellosis. In general, the diagnostic value o f cine for jroats and sheep ! 

bruc ellin test p ar allels that of the tuberculin te^ t. A vaccine prepared from Hr. abortus strain |<j- 
^ ‘ Brucelleigen’ t he anti gen iised _Ior-lhe test is^ BA has beenwidelv employed foLhumanjmmii ni- 
commerciallvavnil.ihle. There is no evidence lhai sation in the USSR for protection of _P.CCmns 
an tibiotic ther apy affects the a ppearance orjer - o ccupationally expo sed to infection. This has not 
sistance of antibodies to brucella organisms,. been recommended for iisc elsewhere. 
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Treatment 

Antibiotic treatment consists in the adminf- 
stration of tetracyclic, either alone or along 

Further Reading 

Alton. G G. Jones. L M and Pietz. D E 1975 Laboratory Techniques in Brucellosis. 2nd Edn. Geneva WHO' 
Darlymple-Champncys W. I960 Brucella Infection and Undutant Fe\ erin Mart, London: Oxford University Press 
Kcgamcy. R H , Huhe. EC and Valette. L eds. 1976 International Symposium on Brucellosis, Dt\ efopmenttn Biological 
Standardisation, 31 Basel: S K arger . 

Regamcy. R.H etal 1980 The Brucella phages, their properties, characterisation and applications. Pinner. Middlesex Minis- 
try of Agriculture, Fishery and Food 

Robertson. L, CUl 1980 (letich Book an Brucella PHLS monograph London - HisMaiesty’sStationerypfficc 
Spink, W.W 1956 The Nature of Brucellosis. Minneapolis- University of Minnesota Press 

World Health Organisation 1971. Joint FAQ/WHO. Expert committee on Brucellosis. Fifth report. W.H O. Tech 
Rep senes No 4(>4 


with streptomycin, for a period . af-ncsLJsss 
than thre e week s. The response-is-good-in-aeute 
infections, but not so satisfa ctory in chronic 
cases- ,, , 
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Mycobacterium — I Tuberculosis 


Mycobacteria are slender rods th at sometim es 
show branching filamentous forms resembling 
fungal mycelium. Hence the name 'mycobac- 
teria', meaning fung us-like bacteri a*They do not 
stain readily, but once stained, resist decolounsa- 
tion with dilute mineral acids. Mycobacteria are 
therefore called ‘acid fast bacilli’ OTyAFB. They 
are aerobic, nonmotiTe ^noncapsulated and non- 
sporing. Growth is generally slow. The genus 
includes obligate parasites, opportunist patho- 
gens and saprophytes. 

The first member of this genus to be identified 
was the lepra bacillus discovered by Hansen in 
1868. Koch ( 1882) isolated the mammaliarftuber- 
cle bacillus and proved it§causative role in tuber- 
culosis by satisfying K och's postulate s. Tuber- 
culosis In man was subsequently shown to be 
caused by two types of the bacillus — the human 
and bovine types, designated Mycobacterium 
tuberculosis and Af. bovis, respectively. Three 
other types of tubercle bacilli were also recog- 
nised — the murine type (M . microti) from voles, 
the avain tvpe(Af. avium) from birds and the cold 
blooded type (Af. piscium, M. marinum, M. ranae 
and others) from fish, lizard, snakes, frogs and 
other cold blooded animals. Johne (1895) 
describe d Af. paratuberculosis (Johne’s bacillush A 
the agent causing chronic specific'enteritis in cat- 
tie. Stefansky (1905) described Af. tepmtunurium, 
the bacillus causing r at leprosy . Mycob acteria 
were isolated from ulcers , fi rst in Austr alia 
(A/, ulcer ans, 1948) and later in Sweden (A/, bal- 
nei, 1954), Uganda (Af. burult, 1964) and other 
places. 

Saprophytic mycobacteria were isolated from a 


number of sources. These included Af . b utyricum 
from butte r, Af. p hlei from gras s , Af. ste rcon s 
from dung and A/, smegmatis from smegma . 
Several mycobacteria, distinct from human or 
bovine tubercle bacilli, which have been isolated 
on occasion from human pathological material, 
have been grouped together under the loose term 
atypical mycobacteria'. They are also k nown as 
‘a nonymou s’ or ‘unclassified’ mycobacteria. 
Unlike tubercle bacilli which are strict parasites, 
atypical mycobacteria may occur in soil, water 
and other sources. 

Mj cobacterium tuberculosis 

Morphology: Af. tuberculosis is a straight or 
slightl)* curved rod . l-4p X 0.2-0. 8 p. occurring 
singly, in pairs or in small clumps. The size " 
depends on conditions of growth, and long, 
filamentous, club shaped and branching forms 
may sometimes be seen. A/- bovis is usually, 
straighter, stouter and shorter. The bacilli are 
nonmotile, nonsporing and nonca psula ted, 
j Tubercle bacilli have been described as 
Gram p ositive , though strictly speaking they can- 
not be so described, as after staining with basic 
dyes, they r esist decolorisation by alcoh ol, even 
without the mord ariTifiir effect of iodine. Th e 
Gram positivity is i ndependent of the mordanti ng 
effect of iodine and appears to bedetermin.cd.by 
the same factors as are responsible for acid fast- 
ness. When stained by carbo! fuchsin bv the 
Ziehl-Neclsen method or by fluorescent dyes (au- 
ramine O. rhodamine), the y resist dec olourisa- 
tion by 25 per cent sulphuric arid and absolute 
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A TUBERCLE BACILLI 

1 Human - At. tuberculosis 

2 Bovine - Af. bovis ■* 

3 Murine - M microti 

4 Avian - ^ At. muim * 4 . , a , t . 

5 Cold blooded - At marinum 

B. LEPRA BACILLI 

1 Human - Af. leprae 

2 Rat - A/ leprae murium ' 

C. MYCOBACTERIA CAUSING SKIN ULCERS 

1 At. ulcerous^ _ 

2 A/, batnci. 

D. ATYPICAL MYCOBACTERIA > ' 

1 Photochromogens i 

2 Scotochromogens 

3 Nonphotochromogcns 

4 Rapid growers 

E. JOHNE’S BACILLUS 

A/, paratuberculosis 

F SAPROPHYTIC MYCOBACTERIA * 

At butynctun. At phlei, M. stercoris. At. smegmatis .mil other* 
* + » 


alcohol for ten minutes (acid and alcohol fast). grown in the presence of tysonme. L-type grawth 
Acid fastness has been variously ascribed to the can also be induci^l. *** y *** f 
presence in the bacillus of an u nsaponifiable wa x ** 

»( (m ycohc a cid) or to a semipe rateable membrane Cultural characteristics'. Tlic bacilli grow slow!}, 
around the cell^ It is related to the integrity of the the generation time in vino bcityy ,Lj— L5 hours 
cell and appears to be a property of the cell wall. Colonies appear only in about two w eeks and 
Staining may be uniform or granular. Beaded or sometimes may be delayed u'plo 6-S weeks, 
'purred ! twins are *irequerffiy seen ’in M. itftw 'C»pnmum'icmpcrJ(urf isl’T'C nnd'gruwfii'ffta^ 
iw/oju while M. bovis stains more uniformly. not occur below 25°C or above -UPC. Oplitnvm 
Nonacid fast rods and granules have been pH is 6.4 to 7 .0. ,M tuberculosis is an obligate 
reported in young culture^ Much (1907)' aerobe^wbile^Af. bovis is microaerophilic on 
demonstrated Gram positive granules in cold primary isolation, becomin g aerobic on subcul- 
abscess pus in which acid fast bacilli could not be .ture. Grow th is stimulated by 5-10 percent CO> 
found, but which could produce tuberculosis At. tuberculosis grows luxuriantly in culture as 
when injected into susceptible animals. Much^ compared to Af. ho\is which grows sparsely- 
suggested that these granules ( Much’s granule s^ They are. therefore, termed ‘eugonic* and ’dys* 
were no nacid fast forms of tubercle bacill iA . gonic\ respectively. The addition of ghceroi (0 5 
Electron micrographs of thin sections show' percent) improves the growth of human strains* 
that the thick cell wall is composed of three layers while it is without effect or mayjtven inhibit 
enclosing a plasma membrane which also has got bovine strains. Sodium pyruvat e improves the 
three layers. Spheroplast f ormation occurs when growth of both types of bacilli. At. tuberculosis 
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does not grow in media containing 500 mg of P — 
nitrobenzoic acid/1 unlike other slow^ growing 
nonchromogens -■ 

Tubercle bacilli do not have exacting growth 
requirements, but are highly susceptib le to eve n 
traces of toxic substances like fatty adds i n cult ure 
media. The toxicity is neutralised by se rum, albu- 
min or charcoal. Several media, both solidjind 
liquid, have been described for the cultivation of 
tubercle bacilli. The solid media contain egg 
(Lpwenstein-Jenseqy^Petra^njni or Dorset), 
blood (Tarshis medium), ^serum (Loeffler’s 
serum slope) or potato (Pawlowsky’s). The solid 
medium most widely emplo yed for ro utine. cul- 
ture is the Lowenstein-Jensen (L I) med ium with- 
out starch, as recomme nded by the Int ernational 
Union Against Tuberculosis (IUAT). This c nn- 
sists of coa gulated hen’s egg, m ineral sa lt solu- 
tion, asparagjnd and mal achite gree n, thejast act- 
ing as a se lective agent inhibiting other bacteria., 
A simple medium containing only eggs, malachite 
green and coconut water has been reported to be 
a useful and cheap alternative to the Lowenstein- 
Jensen medium. Among the several liquid media 
described, £)jabo$\ Middlebr ook’s, Pjpskauer 
and Beck’s, gala ’s and S aulon’s m edia are the 
more common;. lliquid media are not generally 
employed for routine cultivatjpn, but are used for 
sensitivity tests, chemical tests and preparation of 
antigens and vaccines. 

On solid media M. tuberculosis /forms dry, 
rough, raised, irregular colonies with a wrinkled 
surface. They are creamy white initially, becom- 
ing yellow ish or buff coloured later. They are ten- 
aceous and not easily emulsified. The colonies of 
M. bovis are in compa rison, fl at^mooth. moist 
and white breaking up easil ywhert t ouched. 

In liquid media without dispersing agents, the 
growth begins at the bottdm, creeps up the sides 
and forjns a prominent s urface pellicle.t hat may 
extend^jUong the sides above the medium. Dif- 
fuse growth is obtained in Dubos’ med ium con- 
taining a det ergent Tween-SO ( sorb nan mon o- 
oleaje). Virulent strai nTteiufto form long scipe n- 
tine cords in liquid media, whi le avirulent strai ns 
grow in a more dispersed fashion. Thccord factor 


by itself is not responsible for virulence. T he CQrri 
factor consists of tw o mycoiic adds link pH a 
molecule of trehalose ( 6.6’ - dimvcolvl - L - 1) - 
trehalose). It is present in some nonpathogeific 
species of mycobacteria as w ell. Colonial mor- 
phology may be modified by the presence of bac- 
teriophage in the strain. 

Tubercle bacilli may also be grown in chick 
embryos and in tissue culturp'. 

Resistance: Mycobacteria are not specially heat 
resistant, being killed at 60°C in 15-20 minutes . 
Survival is influenced by the material in which the 
bacilli are present. Cultures may be killed by 
exposure to direct sunlight for two hours, but 
bacilli in sputum may remain alive for 20-30 
hours. Bacilli may remain viable tn droplet 
nuclei for 8-10 day s./Cultures remain via ble fo r 
6-8 months at room temperature and may be 
stored for tw'o years in the deep freeze cabinet at 
-20°C y 

Mycobacteria are relatively resistant to chemi- 
c al disinfectan ts, surv iving exposure to~~5 °/ 0 , 
phenol, 15% su lphuric acid . 3% n itric acid 3% 
oxal ic acid and 4% s odium hydroxid e. It is des- 
troyed by tincture of iodin eJn five minutes and 
by 80% ethanol in 2-10 minute s, 80% ethano THas * 
been recommended as a disinfectant fo r skip , 
rubberglovesand clinical ther mome ters. It steri- 
lises pieces of cloth in ten minutes or less. 


C Biochemical reactions ) Several biochemical tests 
^nuve been described for the identification c>f 
mycobacteriaf species. The more important cjf 
them are the following: 

1. Niacin' test: Human tubercle bacilli form 
niacin when grown on an egg mediu m. Whe n 
1 0 % cyanogen bromide and 4% aniline in 96 % 
ethanol are added to a su spension of the culture, 
a cannrvvellow colour shows a positive reactio n . 
The human bacilli give a positive reaction, whil e 
the bovine type 'is negative. The production ft f 
niacin wa T~ori gina Uv thought to diffe rentiate 
human strains of A f. tuberculosis from all o thgr 
mycobacteria, but it also occurs in M.jinmp and 
a few strains of SI. cheloneii. y > 
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2. Ar yl sulphatase te st: The enzyme aryl sul- tein antigens. 'Following infection* by tubercle 


phatase is f ormed by atypical mycobacteria only ^ y bacilli, delayed hypersensitivit y is developed to 


The organisms are grown in a medium containing 
0.001 M tripptassium phenqlphthalien disul- 
phate. 2 N. NaOH is added dropwtse to the cul- 
ture. A pink colour i ndicates a positive reaction. 

3. Neutral red test: Virulent strains of tubercle 
bacilli are able to bind neutral red in alkaline buffer 
solution , while avirulent strains are unable to do so . 

4. Catalase-peroxidase test^-help in differen- 
tiating tubercle bacilli from atypical mycobac- 


the protein of the bacillus (tu berculin ). Tubercu- 
lins from Af. tuberculosis, M. bovts and M. mic- 
ro// appear to be indistinguishable. Some degree 
of antigenic relationship exists between (he pro- 
tein antigens of tubercle bacilli and some atypical 
mycobacteria, as shown by weak cross reactions 
in skin testing with different tuberculins. There is 
also some antigenic relationship betweenTepra 
and tubercle bacilli. (A ribonucleoprotpin from 


teria and provide an indication of ‘the sensitivity .t M . -tuberculosis reacts w itft-gera from patients 
of thestraintoisonicotinicacidbydrazide(lNl^.'‘ w ith lepromatous leprosy < 

M ost atypical mycobacteria are strongly catalase By agglutination, agglutinin-absorption^ gel 
/p ositiv e while tubercle bacilli are weakly positive precipitation, ' passive haemagglutination and 
in-comparison. Tubercle bacill i, but notiftypical other serological tests, A/, tuberculosis strains 
mycobacteria, a re peroxidase positive. C atalase * have been shown to be antigenically fromogene- 
and peroxidase activity ar e lost_when tub'er c lef ous and very similar to M. bovis and M. microti, 
bacilli develop resista nce^ INH.X atalase nega- but distinct from other species. Tuberculosis 


tive strainTonuBercle bacilli are ayiiulent for 
guinea pigs. 

A mixture of equal volumes of 30 vol. H tO? 
and 0.2% ca techo l in distilled w ater is added to 


5JD m l. of a_test culU ire 
minutes. Effervesces 


ilture and allowed to stand a few 


patients possess circulating antibodies against 
polysaccharide, protein and phds phat idejatigqis 
of the tubercle bacillus demon strable in di£j)se 
of the sensitised erythrocyte , tanned and p rotein 
coatetf erythrocyte, and p hosphatide kaolin. ag g)u- 


• ffervescerice indicates catalase pro > (motio n test $. These antibodies are pf nodiaen os- 
duction and b rowning of colonies indicates tic value and appear to be irrel evant in im munity 
p eroxidase activity . ^ 

5. Amidase tests: The ability to split amides has Bacteriophage^ Many phages have beenjsolaicd 
been used to differentiate atypical mycobactenaA from natural sources, such snj| and_water. 
A useful pattern is provided by using five amides Phages have also been isolated from Ivsogsnic 


viz. acetamide, benzamide, carbamide, nicotina- 
mide and pyiazinamide. A 0.00164 M solution of 
the amide is incubated with the bacillary suspen- 
sion at 37°Cand 0.1 ml OfM n SO.i4HiO . 1.0 ml 
of p henol solution and 0.5 ml of hy pochlorite sol- 
ution-are added. The tubes are placed in boiling 
water for 20 minutes. A blue colour developing 


6. Nitrate reduction test: This is positiye with 
M. tuberculosis and negative with M. bo vis ^ 
Mycobacteria secrete a class of chelating 
agents termed exochelins. 


Antigenic properties: Many antigens have been 
identified.m mycobacteria. Group specificity is 
due to p olysaccharide and type specificity to pro- 


strains. Many mycobacteria mftxteiLaithJeinp- 
erate phages are not truly lysogenic. Instead of 
being integrated with hos\ chromosome, the 
phage genome appears free.Jikc'a plasmid. This 
is called pseudolysogeny^ 

The tubercle bacillus can be classified into four 
phage types — A, B, C , — and^jypejntermcdiate 
between A a nd R and therefore gjesignatedj l^f 
intermediate). Phage Type A isl Ee.commonest 
type and is present worldwide. T ype B ogcurs in 
Europe and N. America, type C fc.seen rarely. 
Type I is common in India and neighbouring 
countries^ 

Phage 33 D isolated from a ljsogenic_£GYir°n- 
mental mycobacterium lyses all__variants of 
M. tuberculosis but not BCCy* 
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Bactcriocinsi A t., tuberculosis is divisible into .t wo 
types by means of fracrg iiocins produce d by 
rapidly growing mvcohactei Li r 

Host range: M. tuberculosis c auscsitat ural i nfec- 
tion in man, other pri mmgs. dogs and somcolh er 
animals which have clos e coniact.with ma n. Ex- 
perimentally, it is highl y infectious for guin ea 
pigs and hamsters, hu t virtually nonpatho genic 
for rabbits, cats, goats, bovines an d fowls. Mi ce 
are moderately susceptible and d evelop progr ess 
sivc infection following intraperitoneal. i ntray ci)- 
ous or intracerebral inociiLuion. Variatia nsJn 
virulence among strains are frequent. Isolates 
from lupus, scroful oderma a rid u rogenital tuber- 
cutosis arc often of low virulence for experimen- 
tal animals. About two-thirds of the strains iso- 
lated from patients in South India exhi bit lOwv ir- 
ulence for guinea pigs, * 

M. bom is generally m ore pathogenic for a ni- 
malx. It produces tuberculosis in cattle, man. 
other primates, carnivores including dogs and 
cats, badgers, swine, parrots and possibly some 
birds of prey. Experimentally, it is highly 
pathogenic for rabbits, guinea pigs and calves, 
moderately pathogenic for dogs. cats, horses and 
rats and nonpathogenic for most fowl. 

Though the different types of tubercle. hacilh 
had been given separate species status, it is now 
generally agreed that at least the mammalian 
tubercle bacilli should be considered as variants 
of the single species M. tuberculosis. Tl ye name 
‘African typ e’ (sometimes also called] 
M. Africa?! urn) has been given to a hetero- 
genous group of tubercle bacilli isolated in* 
Africa, that show properties intermediate bet-J 
ween human and bovine types. The name ‘ Asian 
type’ h as been us'ed for a variant of hum§n type 
originally isolated in South India, which posses- 
sed low virulence for guinea pigs. They are sus- 
ceptible to hydrogen peroxide, are isoniazid sen- 
sitive and generally belong to phage type I. The 
Asian type has been isolated from Thailand and 
Asian expatriates in East _ Afrjga. It is sensi- 
tive to TCH (TT uo^elvycarboxyh'c acidhydra- 
zide), ’ 


M. avium causes natural tuberculosis in birds 
and less often in cattle, swine and other animals. 

It is rarely found in soil eras aetiologica! agent in 
human disease. Experimentally it can cause ‘Yer- ^ 
sin-ty pe’ tu berculosis in rabh ksumd-mice — pro- 
liferating without producing macroscopic tuber- 
cles. It is nonpathogenic for guinea pigs and rats. 

Af. microti causes natural tuberculosis in voles. 

It docs not infect man naturally, but experimen- 
tally it causes local lesions in man, guinea pigs, 
rabbits and calves 

Af . microti is antigenically almost identical with 
the human and bovine types and in its cultural 
and biochemical properties is intermediate bet- 
ween them. 


Pathogenesis: The essentia! pathotogy of tuber- 
culosis consists of the production, in infected tis- 
sues, of a characteristic lesion, the tubercle. This 
is an a vascular granuloma composed of a cen traf 
zone containing giant cells, with or w ithout casea- 
tion nccrosis v surrounded by epithelioid cells and 
a peripheral zone of lymphocytes and fibroblas ts. 
The tubercle bacillus does not appear to contain 
or produce a toxin. The basis of the virulen ce of 
the b acillus is unknown . T he various components 

rent biological activities which may influence the 
pathogenesis, allergy and immunity in the dis- 
ease. 

The cell wall of the bacillus induces resistance 


increases reactivity of mice to endotoxin and can 
1 replace the whole bacillus in Freun d's adjuvapt. 
-/ Tubercu loproiein can elicit theluberculin reac- 
/ tion and,' when bound to a lipid, can induce 
delayed hypersensitivity.Jn tissues it Induces the 
formation of monocytes, macrophages, epithe- 
loid cells and giant cells. The bacteri al pol v sac- j 
charide induces i mmed iate hypersensitivity and 
causes exudatioojof neutropjiils from blood ves- £, i 
sels into tissues. Lipids^use the acc umulation of 
macrophage and neutrophils. PhospJiatides 
induce the formation of tub ercles consis ting of 
epitheligid cells and giant cells, with some . times 
even caseation. 
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Tuberculous lesions are primarily of two types 
— exudative and productive. Tire exudative type 
is an acute inflammatory reaction with accumula- 
tion of oedema fluid, polymorphonuclear leuco; 
cytes, and later of monocytes abound the bacilli. . 
The lesions may heat by resolution, lead to nec- 
rosis of the tissue or develop into productive 
type The productive type of lesion is predomin- 
antly cellular. ’compose}! of a number of tuber- 
cles, whicF^ may enlarge, coalesce, liquefy and 
undergo caseation 

. The fate of tuGcrde bacilli entering the body is 
’ influenced by a variety of (acto rs such ast h&jjose , 
virulence and mode of entry of thebacilius. and 
> the age, resistance and hypersensitivity of the 
' host. Tubercle bacilli enter the body corjjmonly 
by inhalation, less often by ingestion and rarely 
by inoculation into the skin When they are 
inhaled, the bacilli lodge in the pulmonary 
alveoli, where they are promptly phngocytosed 
by alveolar macrophages. But instead of being 
} killed, the bacilli mukipty mtraccllularjy and 
eventually disrupt the phagocyte. Phagocytes 
with ingested bacilli may even act as vehicles 
transporting the infection to different parts of the 
body. Intracellular multiplication of the bacillus 
is interrupted only with the development of 
specific cellular immunity which sets in about 6-5 
weeks afiennfcction. 

In children, primary infection leads to the 
‘primary complex/ This consists of a subpleura! 
focus of tuberculous pneumonia in the lung 
parenchyma (Ghon focus.) 'usually found.in the 
lower lobe or the .lower part of the upper (pbe, 
together with the enlarged draining lymph nodes. 
The primary complex is usually an asymptomatic 
lesion undergoing spontaneous healing, resulting 
in hypersensitivity lo tuberculoprotcin (tubergu- 
hft allergy) and some degree of specific acquired 
resistance (immunity). Rarely, the pri mary in fec- 
tion may lead to haem.jtogcnous spread and the 
development of miliary tuberculosis, meningitis 
and lesions in different organs such as the spleen, 
liver and kidneys. 

The adult type of tuberculosis is generally due 



primary progression, endogenous.reiofection). or 
exogenbous reinfection. The adult type of pulmo- 
nary lesion may heal by resorption, fibrosis and 
occasionally calcification, or progress" to chronic 
fibrocaseous tuberculosis with tubercle formation, 
caseation, cavitation and shedding of tubercle 
bacilli in sputum ( open tuberculosa*). Rarely an 
acute, rapidly fata! infection may occur in adults. 

Epidemiology : Tuberculosis is an ancient dis- 
ease, evidence of spinal tuberculosis having been 
discovered vn Egyptian mummies. It has been for 
many centuries the most important o( human 
infections, in its global prevalence, with devastat- 
ing morbidity and massive mortality. It has been 
called -Thd* captain of all the men of death ’. Its 
prevalence increased greatly following the 
Industrial Revolution* vvifii rapid urbanisation 
and overcrow’dmgT'With improvements in the 
standards of living, its incidence has come down 
in the affluent countries. It has been aptly called 
‘a barometer of soci al welfa re* 

At any give n time the re are about 20 million 
open cases of tuberculosis in the world of which 
70-80 per cent are in the poor nations. Some three 
million neonle die_o f tuberculosis every year. Bet- 
ween four and five million new cases of open pul- 
monary tuberculosis a rise each year. Without 
treatment, new bacillary cases remain contagious 
for about two y ears b efore death or partial cure 
occurs. The national sample survey carried out 
by the Indian Council of Medical Research 
(1955—57) indicated a prevalence rate -varying 
fro m 13 to 25 acti ve cases and 2-8 bacteriologl- 
caliy po sitive cases per 1000 pop ulation. We have 
in India at present 8-9 milli on active cases of 
which 2-2.5 mil lio ns are sp utum positive and 
hence infectious, thus constituting a dangertp the 
community. The annual mortality rate from the 
disease is estimated to b e 60-80-p er 100,000 of the 
population. *''' 

There is high prevalence of both infection and 
active disease in the developing countries. Practi- 
cally everyone is infected by the ag cof20 and the 
infected rates arc as high as 1 0— 1 5 pe rcent in the 
first grade of school. Mortality is high in infants 
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and i n. children below five y ears. Between five 
and 35 ye ars of age, i nfection is usually asympto- “ 
matic and the death rate is very low. Mortality 
increase s after the age of 15 ye ars. The disease is 
commoner injn ales th an in females, particularly 
aft erjhgjgg of 35 years . In India, the prevalence 
in rural areas was found to be not muc h, lower 
than that in urban parts. 

Low socioeconomic status and malnutrition 
are important predisposing factors. Dusty occu- 
pations, especially exposu re to silica du st, favour 
tuberculosis. Doctors, nurses and laboratory 
workers who have contact with patients and 
infectious materials are prone to develop the dis- 
ease. Racial differences in susceptibility have 
been reported. N egroes and Red Indi ans have 
been found to be more susceptible than whites in 
the USA and the Welsh and Irish than the 
English, though these differences in susceptibi- 
lity could be to some extent due to the economic 
differences between these groups. Hill dwellers 
who settle in the plains have been reported to be 
highly susceptible. Tibetan refugees in Indi a had 
a higher incidence of the disease than the local 
p opulation . 

The major source of infeetion }<: the •open* 
h uman case shedding the bacillus in th e sputum - 
The~bacilli re main viabl e f onweeks in_d ust. Inha- 
lation of suc hjust is the principa l mode of infec- 
tion. The bovine tubercle bacillus used to be 
responsible for the bulk of intestinal, glandular, 
bone and joint tuberculosis in the West, infection 
having been acquired by consumption of milk 
from infected cattle. Strict control of dairy cattle 
and of milk has eliminated this danger. In India, 
human infection with bovine strains is extremely 
rare. The avian tubercle bacillus may cause 
human diseas e very rarely. 1 Aty pical* mvcobac-^ 

increasing" - nareas where infectio n with the 
tubercle bacillus has been controlled. 


Laboratory diagnosis: Laboratory diagnosis of 
tuberculosis may be established by demonstrat- 
ing the bacillus in the lesi ons by mic roscopy, iso- 


lating it in culture or transmitting the infection to 
experimental animals. Demonstration of hyper- 
sensitivity to tuberculoprotein is of some diag- 
nostic value, but ser ological tests are not usefu l^ ^ 

Pulmonary - tuberculosis 


The specimen tested is the sputum. Bacillary 
shedding is abundant in lesions with caseation 

sputum is best collected early in the morning 
be fore any me al. If the sputum is scanty, a 24 - 
hour collection may be examined. In early of con- 
valescent cases, bacillary shedding may be inter- 
mittent and three consecutive samples should be 
examined for better result s. The sputum should 
be collected directly into a sterile wide mouthed 
container free from antiseptics. Disposable waxed 
cardboard containers are ideal. Where sputum is 
not available, laryngeal swabs maybe examined. 
In children who tend to swallow the sputum, 
^tomach washings maybe te sted. 


Microscopy: Stained smears are examined 
direcjly from the sputum and after concentration. 
New glass slides should be used for sm ears a nd 
they should not be reused as acid fast bacilli are 
not always removed from the slides by cleaning. 
Smears should be made from the thick purulent 
part of the sputum rather than from the thin Eat- 
ery part. The sjnears are dried, fixed and stained 
by the Ziehl-Neelsen technique. The smear is 
covered with c arbol fuchsin and gently heated by 
steaming, for 5-7 minutes, without letting the 
stain boil and become dr y. The slide is then 
washed with water and decolorised wit h 20 p er 
cent su lphuric acid til l no more stain comes off 
and then with 95 per cent ethanol for two 
minutes. Decolorisation may also be carried out 
as a single step with acid alcohol (3% HCI in 95% 
ethanol). After washing, the smear is coun- 
terstained with Loeffle r's methylene blu e. 1 % 
pi cric aci d or 0.2 per centma lachitFgreen Tor one 
minute. Under the oil immersion objective, acid 
fast bacilli are seen as bright red rods while the 
background is blue, yellow or green depending 
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on the counterstain used. It has been estimated 
that at least . 10,000 add fast bacilli should be 
present per ml of sputum for them to be readily 

should not be given till at least 10 0 fields hav e 
been examined, taking about ten minutes, A. 
p ositive re port r a n hr_pivpn only if two or three 
typical bacilli have been seen. Smears have been 
graded depending on the numbe r of bacilli see n: 
A + when_3-9 bacill i are seen in the ent ire smea r 
2+ when 10 or more bacilli are seen in th e smea r, 
^and 2>+ when 11) or more bacilli are seen in mpst 
oil immersion fields. 

Where several smears arc to be examined 
daily, as in sanatori a, it is more convenient to use 
fluoresccth microscopy . Smears arc stained with 
auraminc phenol or au famine rhodamme iluo - 
resccnt stains and - when examined under ul tra- 
violct illumination, the bacilli appear as bright 
rods against a dark background. Because of the 
contrast, the bacilli can be readily seen under the 
high dry objective, enabling large areas of the 
smear to be examined quickly. 

Demonstration of acid fast bacilli microscopi- 
cally provides only presumptive evidence of 
tuberculosis as saprophytic mycobacteria may 
present a simila r appearanc e Most saprophyti c 
^ cd or l 

i gded 


fast, without being alcohol fast. As saprophytic 
mycobacteria are present in tap. water, rubber 
tubes, cork or bark, they can get into clinical 
specimens unless scrupulous care .is taken in their 
collection Saprophytic bacilli are not pr esent m 
respiratory secretions, hut they are a problem 
with gastric aspirates, faeces and specimens from 
the urogenital tract. 


Concentration methods' Several methods have 
been described for the homogenisation and con- 
centration of sputum and other specimens. They 
may be classified 3S methods useful for micro- 
scopy only and those useful for culture and animal 
inoculation as well. To the former group belong 
treatment with a aiiformin f a mixture of equal 
parts of l icitior soda chlorinate an d 15 per cent 
^ 


sodium hydroxitjs), 0.6 per cent sodium carbo- 
nate, sodi um hvoochlorit e (ch loros), deterge nts 
like tergitol, floatation methods using hydrocar- 
bons. and the autoclave method. These concent- 
ration methods kill the bacilli without altering 
their morphology and staining properties 
Methods which concentrate the bacilli without 
inactivating them and so can be used for culture 
and animal inoculation, include the following: 

P etroffis method : JFhis is one of Hi e.simple st 
methods and probablyjhe most widely employed. 
The sputum is incubated with an equal volume of 
4% sodium hydroxide at 37°C,with frequent 
shaking till it becomes clear, on fln average for 20 
minutes. It is then centrifuged at 3000 r.p.m. for 
30 minutes and the sediment neutralised with 
N/J0 HCI and used for smear, culture and animal 
inoculation. Excessive exposure to alkali is 
deleterious and should be avoided. 

A simpler method has been described, elimi- 
nating centrifugation and neutralisation. Sputum 
is treated with approximately equal volumes of a 
sterile solution containing cetrimonium bromide 
20g and NaOH 40 g per litre’ of distilled water 
The contents are mixed with a cotton swab and 
allowed to stand for five minutes. Approximately 
0.2 ml of the inoculum is smeared firmly with the 
f swab over the entire surface of acid buffered 
I medium (IUAT-U medium with 20.5 g KlljPOj 
per litre). Thesamc swab is used fur inoculating a 
second slope after stirring the contents again 
The results have been found to be as good as Pet- 
rofrs method. 

^ Instead of alkali, homogenisation can be 
achieved ttcatroent-wUh dilitcS^acids (6% 
sulp huric acid . 3 % hydrochl oric acid ot^k. 
oxalic acid), N-acetyl cysteine with sodium 
hydroxide, pancreatin, desogen. zephiran and 
cetrimide. / /> 

Hank’s flocculation method?' Jung m.mn's 
method a nd treatment with tfisodtunThhosphatc 
arc other methods for obtaining mate rial for cul- 
ture and animal inoculation from sputum sam- 
ples. 

Culture: Cultures are very sensitive for detection 
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of tubercle bacilli and maybe posit ive with as few 
as I Q-jOO bacilli per ml nf_snutu m. The concen- 
trated material is inoculated into at least two bo t- 
tles of 1 UAT-U me dium. If the specimen is posi- 
tive by microscopy, a direct drug sensitivity test 
maybe set up. Cultures are examined for growth 
after incubation at ST’C faeJouzudm.(for rapid 
growing mycobacteria, fungi and c ontamina nt 
bacteria) and at least twice weekly thereafter, a 
negative report is given if no growth appears after 
8-12 weeks Smears from colonies that develop 
arc stained by the Ztchl-Ncclscn method and 
examined. For routine purposes, a slow crowing , 
no npjgmenlcd. niacin positive acid fast bacillus i< 
takenas \L tiiherriilosis l except M. nfrirnnumK 
Conlirmalion isobtamed By detailed fifixfiSinTuil 
studies. When the is olate is niacin negative, i dcn- 
tifi cation is made by performing a battery of tests, 
including growth at IS'C and 45°C, pig ment pro - 
duction, animal pathogenicity and biochemical 
reactions./'* 

Sensitivity tests- As drug resistance is an impor- 
tant problem in tuberculosis, it is desirable that 
sensitivity test be performed with the isolates a s 
an aid to treatment. Sensitivity tests for tubercle 
bacilli arc mainly of three types. The first is the 
absolute concentration method \ n u hich a number 
of media containing serial concentrations of the 
drug arc inoculated and the minimum inhibitory 
concentration calculated from the medium with 
the least drug concentration that inhibits growth. 
The second is the resist ance ratio meth od in which 
two sets of media containing graded concentra- 
tions of the drug are inoculated, onc.with the test 
strain and the other with a standard strain of 
known sensitivity. The third is the proportion 
method which indicates the average sensitivity t>f 
a strain, taking into account that any population 
of tubercle bacilli will contain cells with varying 
degrees of sensitivity to a drug. 

Animal mocitlation:T\ie concentrated material is 
inoculated intramuscularly into the' thign ofTwo 
healthy guinea pigs about l X2 weeks old. Sub- 
cutaneous inoculation is not recommended as it 


leads to a local ulcer, which may be infectious. 
The animals are weighed before inoculation and 
at intervals thereafter. Progressive loss of weight 
is a n indication of tuberculosis, One animal is kil- 
led at four weeks and if no evidence of tuberculosis 
is noticed at autopsy, the other is killed after eight 
weeks. Infected animals give a positive skin test 
with tuberculin. At autopsy, an infected animal 
will show the following features: 

1. A caseous lesion at the site of inoculation. 
Sometimes the local lesion may contain pus 
under tension w hich may spurt on incision. 

2 Enlarged caseous draining lymph nodes. The 
glands involved may be femoral, inguinal, 
lumbar, portal, mediastinal and cervical, the 
severity of lesion diminishing as the distance 
from the site of inoculation increases. 
3^ Cnlargcd_spl cen showing irregular necrotic 
areas. 

^/Tubercles in the perit oneum. 

5. A few tubercles may be seen in the l ungs. 

6 The kidney s are unaffected 
Diagnosis of tuberculosis in the guinea pig has 
to be confirmed by demonstration of acid fast 
bacilli in the lesions, as infection with Y. pseudo- 
tuberculosis, salmonella, brucella, pyogenic cocci 
and some fungi may simulate the appearance of 
tuberculosis lesions. 

Isolates of M. tuberculosis possess varying 
degrees of virulence for guinea pigs. Catalase 
negative and INH resistant strains do not pro- 
duce progressive disease in guinea pigs. Animals 
inoculated with strains of low virulence may have 
to be observed for 12 weeks or longer for evi- 
dence of infection. Sometimes the only lesion 
demonstrable may be an enlarged local lymph 
node. The low virulence of most strains isolated 
from South India has already been mentioned. 
For these reasons, guinea pig inoculation is no 
longer routinely employed for the laboratory' 
diagnosis of pulmonary tuberculosis. 

Allergic test: Demonstration of hypersensitivity 
to tuberculoprotein by the tuberculin test is of 
limited value only, as it d oes not differentiate bet - 
ween clinical disease and suhctinical infection. It 
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TABLE 39.2 

Identification of tubercle bacilli and related mvcobacteria 

Growth on L-J 
medium ^ 


r 


Rapid growth (within 7 dais) 
Growth on MaeConkev, ^ 
An I sulphatase test 


~i 


M forlmtm complex Tellum; reduction 


Tjpe of growth 

I 


Slow growt h 

'V 


Niacin 

_L 


l 

+ 

M tuberculosis 


M smegmata 


~i r 

A/, phlei Pigment 


Scanty, smooth, flat colonies 


In light 


T 


In dark 

„ l I 

Grou P I Group II 

Photochromo|en Scotochromo^cn 


No pigment 


Rabbit pathogenicity 


Group III 
Nonchromogen 


f some value in indicating active infection in 
dren below the age of five years. It is also of use 
rcas in which tuberculosis is rare. A negative 
erculin test often helps to exclude the diag- 
is of tuberculosis. 

Jlogy. Passive haemagglutination and other 
(logical tests may be positive in established 
•s of tuberculosis, but the results are often 
tic and usually negative in early cases. No 
•logical test is useful in the diagnosis of tuber- 
•sis. 

•apulmonarj tuberculosis 

ubcrcutous meningitis, the CSF is examined 


“1 


B C.G fit, bous 

' 7*) 

by smear, culture ana animal inoculation. On 
standing, a spjder/veb clot ma v be formed in the 
CSF. which contains enmesh ed tubercl** baci lli. 
Pleural effusio n and oth CLextldatcs-are. collected 
with c itrate to prevent coaimlmi nn. If f ree fro m 
other bacteria, they are centrifuged and the scdi- 
mem cultured. If contaminant bacteria_are pre- 
sent, the deposit js_CQncentra ted before culture. 
In renal tuberculo sis, bacillary shedding ma y be 
intermittent. Hence, it is advisable _to test 3-6 
consecutive morning samples of urine. Each 
specimen is sent to the laboratory on th<tda)LPf 
collection and about 100 ml of it is centrifuged at 
r - P-nt. for 30 m inutes. The deposit is neut- 
ralised, ii necessary, and stored in the refrigerator. 
Each day’s specimen is treated in this manner and 
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TABLE 39 3 
Features of different strains of tubercle bacilli 


Type 

Niacin 
) production 

Nitrate 

reduction 

Oxygen Growth in 

preference TCH medium 

Phage 

type 

Gassical human ^ + 

+ 

Aer 

■f 1 

A.B.C. 

Asian 

+ 

+ 

Aer 

- - " 

I 

African 

+/- 

V 

M 

— 

A 

Vole 

+/- 

V 

M 

- 

7 

Classical bovine — 


M 


A 


V = Variable Aer.= Aerobic M = Microacrophilic 
TCH =» Thiophen-2-carboxylic acid hjfdrazide 


pooled. The pooled tnate nal is concentrated and 
used for culture and animal inoculation! 


Allergy and immun ity. I nfection with the t uber- 
clc bacillus induces delayed hype rsensitivit y (al- 
lergy) and resistance to infect i'oh'(immunity). T he 
relative importance of allergy and im munity in 
tuberculosis has long been a matter of con- 
troversy. but they represent only different face ts 
of cell mediated immunity which is the only type 
of immunity operative in tuberculosis Humoral 
immunity appears to be of no relevance in tube r- 
culosis and antibodies d o not influence the cou rse 
of the disease. I n the noru mmnne host, the bacil- 
lus is able to multiply inside phagocytes and 
destroy the cells, while in the immune host the 
activated T cells release l ymphokines which 
make the macrophages bactericida l. In indivjdu- 
als with defective cell med iated imm unity, tuber- 
culosis is refractory to chemotherapy alone. The 
beneficial ^effect of the tran sfer factor in suc h 
cases has been establish ed. 

The response of a tuberculous animal to rein- 
fection was originally described by K oeh.' Sub- 
culaneous injection of the virulent tufiercle’&acil- 
lus in a normal guinea pig produces n o immediate 
response but after 10-14 days a nodule develops 


at the site, which breaks down to form an ulcer 
that persists till the animal dies of progressive 
tuberculosis. The draining lymph nodes are 
enlarged and caseous. If, on the other hand, 
tubercle bacilli are injected subcutaneously into a 
guinea pig that had already been infected with 
tuberculosis 4-6 weeks earlier, an in durat ed 
lesion appears at the site in a day or two which 
undergoes necrosis in another day to form a shal- 
- low ulcer that heals rapidly without involvement 
of the regional lymphatics or other tissues. This is 
j^jown as the Koch phenomenon an d is a combi- 
nation of hypersensitivity and immunity. The 
Koch phenomenon has three components — • a 
‘ local* reaction, d 'I o ca)’ response in_\v hich4here- 
Occurs acute . congest ion and even haemorrhage 
around tuberculous foci in tissues, and a “con- 
st itutionaT or ‘systemic* respons e of fever which 
may sometimes be fatal. 

Allergy can be induced not only by infection 
with virulent tubercle bacilli but also by injection 
of attenuated or killed bacilli. Sensitisation with 
bacillary products is difficult and requires large 
dose?. Injection of tuberculoprotcin with a 
purified wax extracted from the bacillus induces 
allergy. For the demonstration of allergy, live or 
killed bacillus or tuberculoprotcin (tuberculin) 
may be employed. Tuberculin allergy is a delayed 
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hypersensitivity and can he passively transferred 
by cells but not by serum. 


Allergic tests : Koch prepared a protein extract of 
the tubercle bacillus by concentrating tenfold By 
evaporation, a 6-45 w eek culture nitrat e of the 
^.bacillus grown in 5% glycerd b roth. Tlii'Twas 

First employed OT i n ^ eat m e n t of "tuber-' 
culosis, but tt was soon given up as it was not only 
not beneficial but also caused serious illness in 
some patients due to the 'focal' and ‘systemic’ 
components of the Koch phenomenon. OT is a 
crude product and different batches varyr n their 
activity. A purified preparation of the active 
tuberculoprotein has been standardised by Seibert 
from cultures grown in scmisynthetic medium 
This standardised and stable antigen known as 
Purified Protein Derivative (PPD) is now gener- 
ally used instead of OT for allergic tests. 

The tuberculin test can be done in several 


oo 

tion. The graded doses may range from one 
tuberculi n unit (1 TU. cq uivaleitr Ui tHTTme O T 
oH) 1)0002 me PPPlto 1 00 or 250 TU. All per- 
sons with prior infection with the tubercle bacillus, 
whether clinical or subclinical, exhibit a positive 
test. T uberculi n allergy wanes gradually and may 
disappear in four or five years in the absence of 
subsequent contact with the bacillus. In endemic 
. .areas, the allcrev is maintained hv repeated expo- 
sure to the bacillus. 

false negative tuberculin testS/fan crgy) ma y 
o ccur in certain situa tions such us mil iary tu ber- 
culosis, conval escence from some v iral infecti ons 
like Jpieasles, ly mph'orcticula r m alignanc y, sar- 
c oiflosis^ scscrc majn utrition. ffl lniurnmip pres- 
sivc therapy or dcfectiveccll mediated immun ity. 
A false positive reaction may be seen in infections 
by related mjcobactcna such as M avium or. 
some 'atypical mycobgctcri^ These jus_iisudly 
^jpw grjde' reactions and ean be differentiated fij 
testing with tuberculins prepared from those 


ways Koch originally usc d^tlbcutancous iniec- mycobacteria 
lion afte r which general co nstitutional s vmptoipy Tuberculin testi ng nv.yy- l>e us ed as 3n aid m 
like f ever and m alaise w ere taken ns j ndic ation of diagnosing active i nielli o n pPmUt p ts an d.y(ning 
sens itivilv . iTms method is still occasionally useil driidre n, to measure the prevalence of infection 
in c attle, b ut is contraindic ated in mnq^ Other hn ♦feommdhity, to select susccpt ihles f or 0CG 
rralh ' ’ 


methods pi tuberculin testing not generally used vaccination or as an indicanon of succes sful vacei- 
at present are the cut aneous reaciionufvon Pir -y nation Tuberculin testing_pf cattle has been of 
rubbing tuberculin into scarified skin), the great value in the control of b ovin e tuberculosis- 
p ercutaneousTeaction of Moro grubbing into skiq^ 

^ as an ointment). Calmette’s ophthalmic reaction Prophylaxis. In the .prevention of tuberculosis, 
after conjunctival instillation. ^T mmgustT^ , 
method ol introducing into the skin thrpugh a 
wide bore needle puncture, Deane’s method of 
applying in jelly form on abraded skin an d the 
patch test of VoIImer and Goldbergcr. The tuber- 
culin testing methods in common use now are the 
graded mtradermal test of Mantoux and multiple 
puncture by the Heaf injector or jet gun. 


In the Manto ux test which is most widely usej j, 
graded doses ot tuberculin are injected intrude r- 


mally on the forearm using a tuberculin syringe. 
On examination after 48-72 hours, a positive 
reaction is indicated by oedema and in duratio n at 
the site, measuring at least 6 - 10 mm in diameti 


general measures such as adequate nutrition, 
good housing and health education are as impor* 
tant as specific antibacterial measures. The latter 
consist of early detection and treatment of cases, 
chcmoprophylaxis.and immunoprophylaxis. 

Immunoprophylaxis is, by inlradermal injec- 
tion of the live attenuated vaedne introduced by 
v/fcalmctte and Guerin (1921), the 

mcue-Guerm or BCG. This is a strain of \IJ )ovis 
nttpnnalpri hv 219 serial . sub cultures j n 3 
glyc erme-bile -potato mediu m over a period of 1 5 
yea reinjection ot HtJG in animals lead»l o dis- 
semination and multiplication ot the oaedijin dif- 


thesite,measuringatleast6-10mmindiameter«- ferent organs with production of smalt tubef- 
Erythema alone is not taCenlS a positive l£ac- des. Within a few weeks, however, the bacilli 


MU.OUAC1LKIUM-4 TUBERCULOSIS 


353 


stop multiplying although they sur vive in the tis - 
sues for an indefinite period of time. Th e lesio ns 
do not spread, but instead disappear slowly. This 
self-limited infection induces delayed hypersen- 
sitivity and immunity. F ollowi ng BCG vaccin a- 
tion a tubercul in negat ive recipient is converted 
to a positive reactor. The immunity has been 
found to last at least for KM5 years . The immuit 
ity conferred by BCG vaccination is sim ilar-UUhe 
immunity following natural infection with the 
tubercle bacillus, except that it d oes n ot involve 
any dan ger of progressiv e diseas e due to reactiva - 
tion , as in th e latter instance 

Several field trials have been conducted to 
assess the effi aicyxd-BCG vaccine (Ta ble 39.4 ). 

The results’have varied widely, from 80 per 
cent efficacy to a total absence of protection. In 
South India, a trial condu cted at Madanapalle 
showed 60 per cent efficacy, while a recent large 
trial at Chingleput did not reveal any protection 
in adults.'TJie reasons for such wide disparity arc 
not clear, but have been attributed to several fac- 
tors such as differences in the prevalence and viru- 
lence of tubercle bacilli in various communities, 
age and nutritional status of the subjects, type 
and potency of the vaccines used and the pre- 
sence of atypical mycobacteria in the areas. 


The BCG vaccine had aroused much criticism 
and it had been suggested that the bacillus may 
regain its virulence though there has been no evi- 
dence of it so far. The Lubeck tragedy in whic h 
seve ral children developed fatal tube rculosis fol- \ 
lowi ng oral B CG vaccination earned the vaccine 
much notoriety This was due to an accidental 
mix-up by which live virulent tubercle bacillus 
was given instead of the attenuated strain. Strin- 
gent safety measures have since been enforced in 
the manufacture of the BCG vaccine. Consider- 
ing the millions of doses of the vaccine used, com- 
plications have been very few. The complications 
of BCG vaccination are: 

i/. Local: a) abscess, b) ind olent ulc ers, c) keloid , 
d) tu berculide s — sm all satellite BCG tube rcles 
developing in the neighbourhood of the vaccina- 
tion site, e) confluent reaction inJHeaf s multiples 
. puncture techniq ue. 0 lupoid lesions, and g) l upus 
vulgaris. 

J?. Regional . a) enlargement of the draining lymph 
node, and b) abscess formation in regional lymph 
nodes. 

\Ceneral a) fever, b) mediastinal adenitis. 


TABLE 39 4 

Results of controlled field trials ■with BCG tacrine 


Immunisation 

Period 

Population 

Investigators 

Observation Efficacy of 
penod BCG 

(years) (percent) 

1935-3S 

Norlh American Indians 

Aroson cl at 

18-20 

80 

1937-48 

Chicago infants 

Rosenthal el af 

12-23 

74 

1947 

Georgia school children 

Comstock eta / 

20 

0 

1949-51 

Puerto Ricans 

Palmer ern/(U.S.P.H.S.) 

5l/l-7'/2 

31 

1950 

Georgia/Alabama 

Palmerrto/(U.S.P.ll.S.) 

14 

14 

1950-52 

British school 
children (Urban) 

M.R C. 

15 

79 

1950-55 

Madanapalle, 

South India (Rural) 

Frimodt-Moller ei a! 

9-14 

60 

1968-71 

Cliinctcput. 

South India (Rural) 

I.C.M R.AV.II.O f 
(U.5.P.IJ.S ) 

vn 

0 
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c) erythema nodosurti^d) otitis^rpedia, e) ten- 
dency to keloid formation following wounding at 
other sites, f) a few cases of nonfatal meningitis 
have also been reported. 

These complications, however, are very rare 
and respond to appropriate treatment and in no 
way detract from the benefits of mass vaccination 
programmes. The handful of cases of progressi ve 
tuberculosis reported due' t6'thc' vaccine strain 
were probably due to immune deficiency states in 
the individuals and are more of academic 
interest. 

The consensus of opinion at present is that 
BCG does protect against tuberculosis, particu- 
larly in infants and children. The protection is not 
absolute, but the disease in the immunised chil- 
dren runs a milder course. It is also believed to 
prevent skeletal, meningeal and miliary forms of 
tuberculosis to a large extent. It is, therefore, s 
recommended that routine BCG immxmisutlon 
should continue. Formerly the BCG vaccine was 
given only to tuberculin negative individuals 
This practice continues in the nonendemic 
advanced countries, but in the developing coun- 
tries, BCG is offered lo all children below the age 
of 15 yearyT^lthout prtor tuberculin testing (di- 
rect BC<j). This contributes to more efficient 
coverage and has been shown to be harmless 
BCG is given to infants at birth. This has 
been found to induce adequate cellular immu- 
nity The vaccine is gi ven intra dermallv ov er 
yjh? _ delt oid. Freeze dried preparations are 
employed as they are more stable than the liquid 
vaccine. 

Immunisation with BCG leads to a st imulation 
of the reticuloendotheli al system. It has bee n 
reported to confer some protection against lep- 
rosy and leukaemia. 

Some investigators have fo und that BCG is 
superior to PPD for tuberculin testing It elicits a 
positive response in a higher proportion of sub- 


jects and has the advantage that it also immunises 
simultaneously. _ „ „ 

M. m icroti, the vole bacillus , has been tried as a 
live vaccine against tuberculosis. Jn a controlled 
trial in B ritain, it was found to be as effective as 
BCUTBut as it causes unacceptably severe local 
reactions its,use has been discontinued. 

Treatment: Chemotherapy has revolutionised 
the management of tuberculosis. It has been 
established that sanatorium Teui mens. bed rest. , 
fresh air and good food, as wolf as operative 
interventions, such as artifical pneumothorax 
and thoracoplasty, are not essential for cure and 
that domiciliary _trcatmbm_with appropriate 
antibacterial drugs is all that is required The 
anti tuberculous drugs employed arc rjfarpptcin. 
isoniazid^pyrazin amiue. streptomycin, e thani* 
butol. ethionamide. thiacctazone.-paraamlno- 
salycylic acid and cycloserine. The first four of 
these are bactericidal and the others bacterio- 
satic. Antitubcrculoustrcatnicm-has to be always 
with multiple drugs — generally, three simul- 
taneously. Prolonged treatment, usually two 
years or more, used to be the rule. But with 
the advent of actively bactericidal drugs like 
nfampicin. short course regimens of about six 
months have been found adequate in many 
ca<es. 

Jhe major problem in the chemotherapy of 
turberculosis is the development of drug resis- 
tance. The mechanism of resistance is mutation 
and selection and hence resistance can be pre- 
vented by simultaneous treatment with two or 
more drugs. Resistance may be ‘primary' (pte- 
treatment), or ‘secondary’ developing during 
treatment Inadequate or irresponsible chemo- 
therapy of tuberculosis facilitates the development 
and dissemination of drug resistant strains, 
endangering the health of both the patient and 
the community at large. 
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Mycobacterium — II Atypical 
Mycobacteria 


Mycobacteria other than human or bovine tuhi*r jim. ,■ . . . 

clc bacilli, that may occasionally cm use hum™ 43 pM'cnts with pulmonary diseases seen over 
disease resembling tuberculosis hive been c ill' I ° f> f riOC of 2() ycars * on| y 2() vvcrc found infected 
•4*E&r ; ‘anonymous’ vv„h alypical mycobaclem, 13pho.ochromogcns 
bacteria The name ‘oppom^ mycohac tcna^ 

better suited as their natural habitat appc irs to Iw ren rnycobactcria show a predilection for 

Hat appears to l>c certain geographical areas, as in South East 

USA where upto 50 per cent of the population 
are infected Such areas are characterised by a 
high incidence of low grade* tuberculin reac- 
tions. A general feature of infections with atypi- 
cal mycobacteria is resistance to antituberculous 
drugs, particularly streptomycin and INI I. Many 
strains arc sensitive to rifampicin - . Treatment 
consists of a combination of drugs selected by 
sensitivity tests. Hut chemotherapy i>,, (ten insuf- 
ficient and surgery may become necessary 
Atypical mycobacteria have been classified 
into four groups by Runyon (1959) based on pig- 
ment production and rate of growth: Grou p fPhoto- 
C|UI>moeens, Group I I Scotochromogen s. Group 
m_ Nonpliotoch r omocens and Group IV Rapid 
growers. Though other methods of classification 
lave been described, Runyon’s classification has 
found universal acceptance. Species identifica- 
tion depends on’several additional characteristics 
(Table 40. 1 ) 

; form col- 

r . 6 .. lv ..i ii< miv. uui but when 

the young culture is exposed to light for one 
hour in the presence of air. and rcincubated for 
24-28 hours, a yellow orange niemen i appears. 
They are slow growing, t hough growths ‘faster 
-AMi MuX. , 


v»l or water and they cause opportunistic mfec- 

tions in man The name nomuhercii^.K 

bacteriiC Jias gamed wide Sptancc m recent 
years They have also been called •par.i.ubercle' 

■ , l nTh.”‘ r;' n K ^2ILim>TOb.ln3HrSili;r 
tun tubercle) bacill, There ,s „„ evidence of 

Tbev teV o mm ," k ' d ‘ l,reC " ! ’ rrom mM '»oian 
They are dm, net from the saprophytic mycobac- 

crijsuchaiAf smrgmmumdu />/,/er«hicliare 
neapahlc Of infecting mini or animals While 
human infection with Ihem n common In some 
"'‘I'- d,se:is ' 15 They are unable ro cause 
progressive disease when injected mio guinea 

Atyplea! mycobaelene are gaming mcrcasme 
importance ns human palhogens in advanced 
countries where tuberculosis has been brouglil 
under control Some of them cause pulmonary 
d scase indistinguishable from tuberculosis, while 
others cause lymphadenitis, urmary infections. 

^ “ U andsubcutancous tcs.ons |„ 

developing coum„es.There , "n C be , “„ r tei, , 1 " suit '" a ' "° P®"'" 1 in * te <“• 

“S ‘“ ! ' p '. cal tnycobacteria are compara- 
Mvcly of minor importance as human pathogens. 

At the Tuberculosis Research Centre, Madras of 
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TABLE 40 1 


Differentiation beta cen tubercle hacilii and some species of atypical mycobacteria 


Test 





Growth in 7 davs 

_ 


_ 

_ 

_ 

- 

_ 

+ 

+ 

+ 

+ 

Growth at25°C 

- 

- 

- 

+ 

+ 

+ 

± 

+ 

+ 

+ 

+ 

Growth at 37°C 

+ 

+ 

+ 

+ 

± 

+ 

+ 

+ 

+ 

+ 

+■ 

Growth at 45®C 

- 

- 

- 

- 

- 

- 


- 

- 

+ 

+ 

Pigment in dark 

- 

- 

- 

- 

- 

+ 

- 

- 

- 

+ 

- 

Pigment in light 

- 

- 

- 

+ 

+ 

+ 

- 

- 

- 

+ 

— 

Urease 

+ 

+ 

+ 

+ 

+ 

+ 

- 

+ 

+ 

+ 

+ 

Niacin 

+ 

- 

± 

- 

- 

- 

- 

~ 

- 

- 

- 

Nitrate reduction 

+ 

- 


+ 

“ 

- 


+ 


+ 

+ 


than that of tubercle bacilli. The most important 
species in this group is AL konsasii. 

M. kansasii causes chronic pulmonary disease 
resembling tuberculosis, particularly in old per- 
sons with preexisting lung diseases Infections are 
more common in cities and in industrial areas 
such as Midwest United States and the mining 
areas in Wales. Man to man transmission docs 
not seem to occur. The bacilli have been isolated 
from soil and milk. 

Several photochromogenic mycobacteria were 
isolated in 1964 from monkeys exported from 
India. They have been classified into two species, 
niacin positive. A/, sinttnc and niacin negative 
A 1. _ ojiaticum . They have subsequently been 
associated with pulmonary disease in man. 

Group // Scotachromagens: These strains form 
pigmented colon ies (yellow-orange-red) even in 
the dark. They are widely distributed in the envi- 
ronment and sometimes contaminate cultures of 
tubercle bacilli They do not usually cause human 
disease except f or Af. scrofulaceum which may 
cause scrofula (c ervical aclenitisUncKildr en.j^/ 

Group II I. Nonphotochromog ens: These strains 


do not form pigment even on exposure light. 
Colonics may resemble those of tubercle bacilli 
The medically important species ar e Af. intracel- 
lularc, Af, avium and M xen opt . ~ 

Af. in tracellulare ca uses chronic pulmonary dis- 
ease indistinguishable from tuberculosis. It may 
also cause renal infection and lyp iphactopopathy ^ft 1 
It is commonly known as the Battey bacillus since 
it was first identified as a human pathogen at 
the Battey State Hospital for Tuberculosis in 
Georgia. USA. Infection with the Battery bacil- 
lus is widely prevalent in South East USA and 
Western Australia. Soil is the probable reservoir. 
Rifampin with streptomycin is recommended for 
treatment. 

Af. flWmn.fc so closely similar to the Battey baril- 
lusthat they have been considered by some to 
belong to the same species. It causes tuberculosis 
in fowls and may also infect pigs. Human infec- 
tion is rare and may result in cervical adenit is ipAfe 
children or lung disease in the elderly. It is more * 
amenable to chemotherapy than the Battey 
bacillus. 

In view of the many similarities between 
M. avium and Af. intracellulare, the question 
whether they are variants of a single species or 



358 


TEXTBOOK Of MICROBIOLOGY 


separate species is a matter of considerable 
debate. Temporarily, they are put in a complex 
along with A/. scrofulaceum and the whole com- 
plex called M. avium^ntracellulare-scwfitlaceum 
complex or frlA IS com plex. 

The nonphotochromogen Af. malmoense 
causes pulmonary disease. 

M, xenopi, originally isolated from toads, may 
occasionally cause chronic lung disease in man. 
M. xettopi and Af avium are thermophiles, cap- 
able of growth at 45 4 C- 

Though usually classified as anonphotochromo- 
gen, A/, xenopi may form scotochromogenic yel- 
low colonies. A/, xenopt has been isolated from 
water taps, mostly hot water taps, in hospitals It 
has also been Isolated from main water supplies. 
Occasionally, it causes renal disease in man 

Group IV. Rapid growers : This is a heterogene- 
ous" group of mycobacteria capable of rapid 
growth, colonies appearing within seven days of 
incubation at 2TC or 25°C. Within the group , 
pho fochromog em c, sco tochromo genic , a n d n.on- 
chromoeeriicspeciesoc cur. AITthcchromogenic 
rapid growers are saprophytes (e.g. , to snKg - 
inans, M. phlef ) The medicallyTmportant species 
arc A/, fortuitum and A/, chelonei both of which 
can’causechronicaBscesses in man. Outbreaks of 
abscesses following injection of vaccines and 
other preparations contaminated by these 


mycobacteria have been reported on a number of 
occasions. The bacilli are found in the soil, and 
infection usually follows some injury. 

Af. fortuitum and Af. chelonei do not produce 
any pigment. Pulmonary lesions caused by 
A/, fortuitum cannot be distinguished radiologi- 
cal!)’ from typical tuberculosis. It is resistant to 
standard antituberculous drugs. No effective 
chemotherapy is available. 

Af. szulgai, isolated from pulmonary cavitary 
lesions, appears to be a photochromogen when 
grown at 25°C, but a scotochromogen at ST'C. 
Patients respond to triple drug therapy. 

Skin pathogens : Cutaneous lesions may occur in 
leprosy or tuberculosis, either as localised disease 
or as part of a generalised infection. In a different 
class arc two species of mycobacteria, Af. alee- 
rans and Af. martnum which are exclusively skin 
pathogens, causing chronic ulcers and 
granulomatous lesions on the skin. Systemic 
invasion does not occur and the regional lymph 
glands are not involved Cutaneous locahsationis 
because they multiply optimally at skin tempera- 
ture. 

Af. ulcerans' This was originally isolated from 
human skin lesions in Australia (1948), but has 
subsequently been recovered from similar lesions 
from Uganda (Buruli ulcer), Congo, Nigeria, 


TABLE 40 2 

Differentiation between A 1. ulcerans and M. martnum 


Character 

M. ulcerans 

Af. mannum 

Distribution 

Tropics 

Temperate 2 one 

Clinical course 

Chronic, 



progressive ulcer 

Self-limited ulcer 

Bacilli in ulcer 

Abundant 

Scanty 

Rate of growth 

Slower, 4-g weeks 

Faster; 1-2 weeks 

Growth at 25®C 

— 

+ 

Growth at 37°C 

— 

+ 

Culture film 

Bacilli tn cords 

No cord formation 

Pigment in light 

— 

+ 

Mouse foot pad lesion 

Oedema, rarely ulcer 

Marked inflammation, 
purulent ulcer 
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TABLEAU 3 


Atypical mycobacteria associated with human disease 


Species 

Natural habitat 

Tv pe of infection 

M.dfricamini 

Animals, soil 

Pulmonary. * • 

M. astattcum 

Primates 

Pulmonary 

M m ium utter- 

Sod. seawater. 

Putmonarv. systemic. 

celluhre • 

animals 

gastrointestinal, lymphadenitis. 

At. cheloneu 

Sod. seawater. 

Porcine heart 

s.s. chehmeu 

animals 

vahes.surgical 
wound, pulmonary 

,\f. chelonet. 

Soil, seawater. 

Cutaneous. surgical wound. 

s.s. abscessus 

animals 

pulmonary, svstcmic. 

M.futfax 

Water, soil 

Pulmonary. 

At. fortuitum 

Water, soil. 

Pulmonary . surgical wound. 


animals 

eulaneous, svsicmic. hone and joint. 

M. Iiaemopliilnni 

Unknown 

Cutaneous, subcutaneous. 

At kansasu* 

Water, animals 

Pulmonary .systemic, skin, 
joints. lymph nodes 

Ai. trmlniocnsc 

Unknown 

Pulmonary 

M. innrinuM 

Aquarium, water. Cutaneous (swimming pool 


fish 

granuloma).joints. 

M.scrofutoceum 

Soil, water. 

Lymphadenitis (usually 

fomites 

cervical); pulmonary disseminated. 

i\f. sdumoidei 

Unknown 

Pulmonary. 

M. stmiae 

Primates, water 

Pulmonary. 

M szulgat 

Unknown 

Pulmonary, lymphadenitis, 
cutaneous, subcutaneous 
bursitis 

M. ulcerous 

Unknown 

Cutaneous 

M. xenopi 

Soil, water 

Pulmonary. 

epididymitis 


Mexico, Malaysia and New Guinea. .Ulcers are 
usually seen on the legs or arms and are believed 
to follow infection through minor injuries. After 
an incubation period of a few weeks, the area 
becomes indurated and breaks down forming art 
indolent ulcer which slowly extends under the 
skin. 

Smears from the edge of the ulcer show large 
dumps of bacilli which are acid fast and alcohol 
fast. The bacillus grows on Lowenstein-Jensen 
medium slowly, in 4-8 weeks. The temperature 
of incubation is critical; growth occurs between 
30® and 33®C, but not at 25® or 37®C. Inoculation 
into the foot pad of mice leads to oedema of the 
limb, though ulceration is infrequent. A toxin is 


produced by M. ulcewns that causes inflamma- 
tion and necrosis when injected into the skin of 
guinea pigs. This is the only known toxin pro- 
duced by mycobacterium species. 



J-Ldnamuim: T his is a natural pathogen of cold- 
' Diooued animals, causing tuberculosis in fish and 
amphibia. It may also occur as a saprophyte in 
fresh or salt water. Human infection originates 
from contaminated swimming pools or fish tanks. 
The .lesion, beginning as a papule and breaking 
down to form an indolent nuc\er, usually follows 
abrasions and therefore occurs on the promi- 
nences — elbows, knees, ankles, nose, fingers or 
toes. It was first described from Sweden under 
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ihc name ‘swimming root granulom a*, and (he 
bacillus was named M. balnei (from balneum, 
meaning bath). It has since been reported from 
other European countries and from North 
America. Its distribution is in temperate areas tn 
contrast to M. ulcerous, which has a tropical pre- 
valence. Human infection may occur tn epidemic 
form. The ulcers arc self-limited and undergo 
spontaneous healing. 

Bacilli arc scanty in smears from ulcers. 
Growth occurs in about two weeks at 30®C (range 
25°C-35°C) and primary cultures do not grow at 
37°C, but they do so after adaptation. Colonies 
are nonpigmented in the dark, but become 
intense orange yellow to red on exposure to light. 


It is not pathogenic for guinea pigs, but intruder- 
ma! inoculation in rabbits leads to a superficial 
granulomatous lesion. Footpad inoculation in 
mice leads to a more severe lesion than with 
Al. ulcerous . local inflammation being followed 
by a purulent ulcer formation. 

Infection with M. marinum but not Af. utcerans 
may cause a low grade tuberculin reaction. 

Af. haemophtlum, first described in 1978, 
causes skin lesions. It requires haemin for 
growth. It grows at 32°C in 2-4 weeks but not at 
37-C. 

Table 40.3 shows the range of human infec- 
tions produced by different species of atypical 
mycobacteria 


Further Reading 

Chapman. JS 1978 The Atypical At\cofnvferiatm<l Human Muobaaentms New York Plenum Medical Book Co. 

Grange. J M 1988. Mycobacteria and human disease London Hoddcr and Stoughton 

Grange. J M and Yales. M D 1996 Infections caused by opportunist mycobacteria A Review./. Royal, Soc. Med+19 226 
International Conference on Atypical Mjcobaciena, 1981 Ret of Infect Dis. 3 813 

Kubiea. G P 1973 Differential identification of mycobacteria Vtt Key features for identification of clinically significant 
mj cob.) cleria Am Rev Rap Du 107 9 

Wolmsky.CN 1979 Noniuherailnus my cobacieru and associated diseases Am Re v Rap Dts 119 107 



Mycobacterium — III 
Mycobacterium leprae 


Leprosy is a dis ease of g reat a nfiguity ^having 
beemeco gnise d from Vedic times in India and 
from B iblica l times in the Middle East. It proba- 
bly originated in the tropics and spread to the rest 
of ihe. world. Leprosy has always been, held in 
sup erstit ious dread and the person suffering from 
lepro sy c onsidered 'u nclean * and a sociaLout- 
caste. The lepra bacillus was first observed by 

o ne ofTheJeast under stood^ T his is bec ause it has 
no t | beeiT p os sible To grovv thc,bacillus in culture 
media. 


M orphol ogy: M. le prae is a straight or slightly 
curved rod, 1-8 p. x 0. 2-0.5p.in size, showing con- 
siderable mo rpholo gical variations. P olar b odies 
an d other intra cellular eleme nts may^be present. 
Clu bbed f orms, lat eral bud s or brancjiing_may be 
observed. U is G ram p ositive and s tains more 
readi ly th an the t ubercle bacillus. It is acid fa st, 
but le ss so_ than the tubercle bacillus, so that 
5%^sulphuric acid is employed for decolouri- 
sation after staining with carbol fuchsin. It is 
poss ible to_ differentiate between liv e andjiead 
ba dljij obtained smea rs; thejormer appeaFs olid 
a nd uniformly staine d whife THe latter are frag- 
me nted and granu lar. The__percentage of uni- 
fo rmlyst ainedbacilli in tissues (morphologi- 
caMndex) provides a _m e t h od of assessing the 
pr ogress o f patient s on chemother apy and_i$ 
m ore meanin gful th an the o ld criterion ^bac- 
ter iologica l index’ (the number of bacilli in tis- 
sues): 


The ba cilli are se en si ngly and in groups, 
in tracellula rly or lyin g free ou tside t he cells. They 
frequently ap peaPas^gglonierate s, the bacilli 
being bound toget her by a lipjd llke substance, 
theglia. These masses a re_known a s ‘globi’ . The 
p arallel rows of bacilli in the glob i present a ‘ ciga r 
b und le’ a ppea rance. I n tissue s ections, the 
cl umps of bacillijesemble cigarett ee nds. The 
glob^jppear i n Virchow’s ‘lepra cells’ or ‘foamy 
cells’ which are large undif ferentiated histio- 
cytes. 

Cultivation : It has not so fa r been possible to cul- 
tivaielepra bacdimtherin bacteriological media 
or jn tissue culture. There ha ve be en several 
repo rts of s uccessful cultivation, but none has 
be en con firmed One of the best known of such 
reports came from tRe lndian_Cancer Resea rch 
Centre. Bo mbay (1962), wherein acid fast.bacil- 
lus was isolated from leprosy p atients, employing 
hu man foetal spinaTga ngi ion cell cu lture. The 
I CRC ba cillus has been adapted for growth on 
Lo wenstein-J ensen. medium Its relatipn„to the 
le pra baci ll us is unce rtain. 

There h ave been many attempts Jo, transmit 
leprosy.. to, experimental animals. But_the real 
b reak through was the discovery by Shepard 
(I960) that lepra .bacilli could mullipiyjn the foot 
pads.pf jnicejvept at a low temperature (20°C). 
This observation ha s bee n confi rmed_and has 
becom e the standard proce dure forexperim ental 
w orlTwith the_baci llus. Followin g .intra dcrmal 
inoculatioiuntoj ood pads of m ice, a granuloma 
develops_ at the site in 1-6 mon ths. If cell 
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mediated immunity is suppressed by thymectomy 
or admi nistration of antilymphocyte serum, a 
generalised infection is produced, simulating lep- 
ro'matous leprosy The armadillo .also has been 
foundsusceptible to experimental infection. The 
nine-banded armadillo ( Dasypus noyemcintus) is 
highly susceptible to infectio n with lepra bacilli 
Following jnoculation into armadilloes, a genera- 
lised infection occurs with extcnsive_rmiltiplica- 
tionof the bacilli and production of lesions typi- 
cal of lepromatous, leprosy. Some wild caught 
armadilloes have been observedto be naturally 
infected with a mycobacterium resembling lepra 
bacillus. ‘Natural disease* has also* been iden- 
tified in the chimpanzee and mangabey monkeys 
from West AJrica7 but, it is not known whether 
they have any relevance to human infection. 

In animolexperiments, the generation lime of 
lepra bacillus has been found to be exceptionally 
long. 12—13 days on the average butmay vary 
from &-42 ~ days, in comparison with about_14 
hours Jn the case of the tubercle bacillus and 
about 20_minutes in the case of coliform bacilli. 

Resistance' Lepra bacilli have_ been found to 
remain viable in warm humid environment for 
*M6 days and in moist soil for 46 days. They sur- 
vive exposureto direct sunlight for two hours and 
ultraviolet light for'30 m inutes 

LEPROSY l 

Lsjjsva vs z eV.vw.’ij <4 vAtuat •a? 

man^ involving primarily the skin, peripheral 
nerves and nasal mucosa, but capable of aTfecting 
any tissue or organ The disease may be classified 
|into four types — lepromatous, tu bercul oid . 
dimorphous and indeterminate. The typeo? dis- 
ease re fl e ct iory^nHe "immun e status of the 

host . It is therefore not permanent and varies 
with chemotherapy and alterations in host resis- 
tance Bacilli isolated from different typesof lep- 
rosy do not differ m virulence or other properties. 

The two extreme or ‘polar* forms of the disease 
are the lepromatous and tuberculoid types. The 
lepromatous type is seen vs here the host resis- 


tance is low. The bacilli are seen m large numbers 
or as globi inside lepja_cells or extracellularly. 
Superficiar nodular lesions (leprpmata) develop 
which consist of gran ulation tissue containing a 
de nse collec tion of vacuolated cells in different 
stages of development from mononuclear cells to 
lepra cells. The nodu les ulce rate , b ecome secon- 
darilvjnfected _and caus e, distortion andmutila- 
t ion . Bacj lli in vade~tlie_ mucosa of the nose, 
mouth and upper respiratory tract and are shed jn 
large numbers in nasa^and oral secretions. The 
re ticulo endothelial sysUni, eyes, testes, kidneys 
and bones are also involved. BaciJIaemials com- 
mon The lepromatous type is mor e infective 
than the other types. The prognos is is poor, Cell 
mediated immunity is deficient in lepromatous 
leprosy and the lepromin testis negative. Onjhe 
ot her h and, there is an exaggerate d and b road 
humoral immune response. Anttbodies jin high 
titre are seen"against mycobacterial asvvellas sev- 
eral other antigens. Autoantibodies^are com- 
mon. Most etises show biological false_ppsitive 
reaction in standard serological test s for sy philis 
At the other end of the spectrum is tuberculoid 
leprosy, which is seen in patients with highdegree 
of resistance The ski n l esions are f ew an d sharply 
demarcated, consisting of macu lar a naesthetic 
patches. N eural involv emen t , occu rs early and 
may_be pronounced. lea ding t o de formi ties, par- 
ticula’ffyjn. hands and feet. Bacilh.are scanty in 
lesions and inactivity is min imal. C ell fn ediated 
immunity is adequate and the lepromin test is 
posAWt . n e 

antibodies are rare. The prognosis is good. 

The te rm bor derline or dimorpho us type refers 
to Jesions possessing characteristics of both 
tuberculoid and lepromatous types. It may s hift 
to the. lepromatous or tuberculoid part of the 
spectrum depending on chemotherapy or altera- 
tions in host resistance. ~ — 

The indeterminate type isthe carly.vmstable 
tissue reaction which is not 'characteristic of 
eitherlepromatoiis cfrTubcrculoid type. In many 
persons, the indeterminate lesions undergo heal- 
ing spontaneously rin others, the lesions may 
progress to tuberculoid or leproniatous t) pes. 
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Ridley and Jopling have intro duce d a scale for 
clas sifying the spectrum of leprosy into five 
groups — T ube/cijJoiB f TT) , Borderline tuber' 
culoid (BJ), Borderline (BB), Borderline lep' 
Tomatous (BL) and Leprom atous (LL). 

E pidemiolo gy". Leprosy is an exciiisiyeJy.fiuman 
dis ease a nd the o nly sou rce of infection is the 
patient. The ex act mode of infection is noiclear. 
Ve ry large jumbers of bacilli are shed inthe nasal 
secretions (apprqximately.1 0 7 ba cilli per ml) and 
in discharges fr om su perficial Jesions of lep- 
rornatQuscases. The mo de of en try may be either 
thr oueh t he respir atory tract orjhrough the skin. 
A symptomatic Infection appears to be quite com' 
m on in endemic are as. It is not uncommon for an 
inf ectious pa tient, who appears quite normal and 
is unaware t hat h e. has leprosy, to continue to 
shedTjacilli fromjm nose and skin for 2-3 .years 
before more obvious signs appearand the disease 
is recognised. lT~ has b een suggested but not 
proveti_that insecyvectors may have ajole in the 
trans missio n of leprosy. 

Leprosy is no t 'highly commun icable. The dis* 
ease d evelops in only about fi ve percent of spouses 
li ving with leprosy patie nts. However, contacts 
of pat ients shovT aTjjgH_rate of ^sensitisation to 
M. leprae by jy mphocyte transformation t ests. The 
incuEation.penod is v ery long and avera ges 2-5 
years. It has been estima ted t o vary f rom a few 
m omhs t o as long as 30 year s. As both the time of 
exposure. an3The onsetpf disease^are difficult to 


i dentify , estimates of inc ubation period are only 
ap prox imations. Exceptionally, the dis eas e may 
foJ Jpw a si n gle exposure such as ianoo ms, It is 
ge nerall y held th atinti matejmd prolonged con- 
tact s necessar y for infection tojake place. The 
disea$e_is more likely if contact occurs during 
childho od. 

Once worldwide in distribution, leprosy is now 
co nfined mainly, but not exclusively, to the under- 
develo ped areas of the tropics and the Southern 
hemisphere. An es timated 11 million p eople suf* 
fer from l eprosy, of whi ch abou t four m illion are 
in Indi a. Even in endemic countrievthe distribu- 
tion of the di sease is patchy and irregular, with 
areaspfbighincTdence conliguoustoareas where 
it is absent. In South In dia, for instance, so me v il- 
lages have as many as 50 ca ses per 1000 popula- 
tion, while the adjommgvillages may be virtually 
free_from leprosy. Two main pattemioLdistribu- 
tion are met with jn endemic areas — the village 
type and the house type perhaps based on differ- 
ences in socioeconomic conditions (Fig. 41.1). 

Immunit y: A high_degree o f innate i mmunity 
against lepra bacilli seems to exist in man so that 
only a minority of t hose infected develop clinical 
disease. Infection with lepra bacilli induces both 
humoral aiTd cellular immune responses. 
Humoral antibodies are without deleterious 
effect on the bacilli while ^cellular immune 
mechanisms are capable of destroying them. The 
type of leprosy in an in dividual is determined by 


TABLE 41.1 

Characterisation of the different tjpes of leprosy 



1 ' 1 

Tuberculoid 

Indeterminate 

1 1 

Borderline Lepromalous 

Lepra bacilli in tissues 

* 

+ 

+++ 

Lepromin test 

-f+ 


- 

Mycobacterial antibodies 

- er 

+ 

+++ 

Lymphocytic infiltration of lesions 

+++ 

+ 

- 

Plasma cells in lymphoid tissue 


+ 

+++ 






Fig *1.1 Incidence of lepn>\i w India 
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the statu s of cell mediat ed im munity in him. 
When it i s ad equate, the lesions are of the tuber- 
cul oid typ e. The patient. exhibits delayed hyper- 
sensitivity to the (epra bacillus pro tein. The mac- 
roph ar.es phagocytose the bacillLand destroy 
them. Speci fic humora l antibodies are not promi- 
nent. Thcrejs no increase in the immunoglobulin 
levpland the albumen: globulin rat io in th e serum 
is not altered. 

When cell mediated immunity is deficient, the 
Icprotnatous type of disease develops. Delayed 
hypersensitivity to l epra bacillus protein is 
absent." Tli e macrophages are ablejo phagocytose 
the bacilli, but instead of be ing destr oyed, the 
bac illi pro liferate inside the cells. Rec ent elec tron 
microscopic studies suggest that M. leprae may 
eva de m acrophage antimicrobial activity by 
esc aping f rom the phagolysosome to lie free in 
the macro phage cytoplasm. Humoral antibodies 
are for med i n Targe amounts, consisting of 
ant ijrn\cobact crial anybodies and autoimmune 
an tibod ies." The albumcn:globulin_ratio is 
reversed. The_ a nti bodies mayjossibly have an 
‘e nhancing’ eff ect . an tagonisin g thejj;ellular 
immunity. A factor havin g su ch a c tivity has been 
i d eqtjG e d in the s era_oL I ep romatous patie nts . 
Ceifmediated immunity ^s uppress ed not specifi- 
ca lly ag ainst lep ra ba cillus alone, but in ge neral 
agai nst other anti gens as well. Le prom atous 
patients are not readil y sens itised against such 
standardjmtigens a s dinitrochlorobenzene and 
pic ryl chlor ide. Tr ansfer factor the rapy has been 
.’gy wsvaaJ tei teAewafc y.a 1 . 

Th ough leprosy is a chr onic d isease, its.cou rse 
is somet imes i ntersperse d wil hTcute exac erba- 
tions which are o f a n allerg ic. nature. T wo su ch 
react ions j irej ecog nised. The ‘ reversal reactio n' 

is s een in lepr oma tous case s who develop de layed 
hyp ersensitivi ty, and w ho conse quently shift to 
th e borderline o r tuberculoid pa rts of_t he_ spec- 

trum, Clinically_the_re__is .peripheral^ neuritis, 
ery them a and s welling of skin le sions, which may 

und ergo u lceration.' The lesions are infiltrated 

w ith* sm alt lymphocytes and' epi t helioid" cells, 
al ong with a red uction in the numb ers of b acilli. 
Th e second r eaction is ‘lepr a re action* or 


‘erythema nodosum leprosum’. This isjisually 
seen in lepromatous patients undergoing 
chemotherapy. Clini cally , crops of re d nodules 
app ear on th e skin, lasting for one or two days. 
Th e lesio ns show inte nse neutrop hilic infiltration 
a nd the blo od vess els in the derm i s show acute fitj- 
r inoid n ecrosisrCohstltutional dist urbance s like 
fever, arthritis, ir idocyclitis , orchitisjind a pain- 
ful neuritis aie_common. The hist ological p icture 
is that of an A rihus_ reaction orjmmunejcomplex 
d isease . Myc obacte rial antigens a re rel eased into 
th ^circulation when the bacilli die and disinteg- 
ratc.during chemotherapy. The combination of 
these antigens with the precipitating antibodies 
present in the serum constitutes the mechanism 
of the lepra reaction. 

Le promin te st: Tilhecently, the only method for 
studying immunity in leprosy was ji skin test for 
delated hypersensitivity, the lepromi n test fi rst 
described by Mitsuda in 19 19. The ori ginal a nti- 
gen Jlepromin) was boile*d, emulsified, leprc>- 
matousjissue rich.tn lepra bacilli. The response 
to the intradermal injec tion o f lepromin is typi- 
cally bipliasic consist in g~6Tt'w o separ ate ev ents. 
TheTirsnsthe early reaction of Fernandez, which 
consists.of erythema and induration developing 
in 24-48 hours and usually remaining for 3-? 
days Th is is a nalogous to the tuberculin reaction 
Histologically the lesion cons i sts of serous exudate 
with Ivm pjTQcvticjnfdtrat ion The se cond is the 
late reaction of Mitsuda . appearing in three 
« cetGr ttrayiV iiiy pe-.nb at ifav r w 
sub siding in th e next feyv^weelcsTTHe reaction 
consists of an indurated s kin nodule, which may 

■u lcerate . Histologically' there is infiltration with 

lymphocytes, epithelioid cells and_ giant cells 

B bth the early an d late reactions are usually cor- 

rela ted in the samejndlvidual. but most lep rolo- 
gists use the latereaction as evidence of lep rom in 
p ositivi ty. 

Mitsuda’s crude a ntigen is called, the integral 
lepromin . It has be en modi fied in many tvays to 
provide a purer and m ore Standardised antigen 

with l ess of tiss ue and more. gf hacillary..compo -- 

nents. Such partially purified preparations are 
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called bacillary, lepromins Antigens which c on- For rou tinee xamina t ion , spe d mens are coll ected 
sist of the bacillary protein componen ts on ly are fro m the n as a! ~fn u cos aT si: i n lesions and ear 
c alled lepromi ns an d elic it onlyjhe,eat|y reaction lobules , A JdimU- narroails cal pe I is 'introduc ed 
A n an tigen commonly employed for le promin into the nose and the internal septumscrapedsuf- 
testing is the'Dharmendra antigeiPwhich is pre- ficie ntly tojempvei rpie'cc~dnhu c us membr ane, 
pared by floating out__ the baci lli f rom finely w hich is transfer r cAlaaslide and teasetLoutinto 
ground lepromatous tissue \vith_chloroform. a uni form sm earZSamples from t he ski n shoul d be 
evaporating jt dry and removing the lipids by obtaine d from the edg es of the lesion rather than 
washing with ether. The antigen is made up in from the centre ~ Thes^irTrrpinche^up t ight to 
phenol saline for use Depot lepromin is a modifi- m inimj se_b jeedingancl a cu t„ab out 5 m~m long 
cation where the antigen is injected in oily media mjide_yyjiha sca)pel. de _ep_enotigh 7qge7in to the 

Lepromin prepared from lepromatous lesions of i nfiltrated l ayers Aft er wiping "off bloo d or 

armaddloes gnes reactions similar to that pre- Ivmphjhatjnay have^exuded. thescalpel blade is 
oared from human tissue. Armadillo derived lep- turne d tra nsversely to scrape theori es and bot- 
romm is now widely used. .t om of the cut so as to obtain a little'tissue pulp 

The lepromin test is not used to diagnose lep- whichjs.smeareduniformly .on a slide. Afc aut 5-6 
rosy, nor does it indicate prior contact with the different a r eas of j h e. sl.in shou ld be sam pled, 
lepra bacillus Healthy persons m nonendemic including the skin over the dnittocks. for ehead, 
areas with no chance of contact with the bacillus chin, cheek an d eHrs. The smears are stained bj 
may sometimes give a positive lepromin testt^th eZiehl-Neels en technique us ing 5%in st ead of 
probably due to sensitisation b> other mycobacte^ ^fl% sulphuric add ford e colourisation, Biopsvof_ 
rial antigens. The test is employed for the follow-- the nodularj esions and thicke ned neryes , and 
mg purposes: lym ph nodel ^ung nntTlljy b^jeces saryjayptht' 

1 . To classify the lesions of leprosy patients. The caseSr " ” 

lepromin test is positive in tuberculoid, negative The .smears are graded, based on the numbers 

in lepromatous and variable in dimorphous and of bacillias follows, 
indeterminate types of disease. 

2 To assess the prognosis and response to treat- 1 -10 ba cilli in IpO fields = 1+ 

ment. A positive reaction indicates good prog- 1-1 OJbacilh in 10 fields =2+ 

nosis and a negative one bad prognosis. Conver- l-JO bacilli per field =_3+ 


sion to lepromin positivity during treatment is 
evidence of improvement. 

3. To assess, the resistance of individuals to lep- 
rosy. It is desirable to recruit only lepromin posi- 
tive persons for work in leprosaria as lepromin 
negative persons are more prone to develop the 
disease 

4 To verify the identity of candidate lepra 
bacilli. Cultivable acid fast bacilli claimed to be 
lepra bacilli should give matching results when 
tested in parallel with standard lepromin. 


Laboratory (ftat’nosis- Bar tptio1ngn-_.il diagnosis 


i s easy in.the leproma tous h uLmav be difficult in 
(Tie luY>^cu\o id_Cji>es The diagnosis consists of 
d emonstrat i Qn.of-acuLfast,baciU i in the lesio ns. 


10-100 bacilli per field -3=4+ 

100— 5000 bacilli per field =.5+ 

Mme than. IQQQbaoJll imip s. 

andglobi in every field = 6+ 

The bacteriological (b acterial) index JBl) 
calc ulated by totallin g* -j jig^umber-pf pD $cs 
(+s) .scor ed in all the smears and divided by the 
nu mber o fomears/Thus if eight smears ex^™ 111 ^ 
have a total of sixteen pluses, th e B1 will be 2 Fot 
calculating Bl, a mini m umjoffou rjKinJesio n 5 , a 
nas aPswab and both the e ar lobes have t o be 
examined . • 

The mor phological index (M l) is ex presse d as 
the percentageof u niformly st a ined bac illi out of 
the total number of bacilli counted < 
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T reatment ’. Suljihones have been_themainstay in 
the chemotherap y of leprosy. Diaminodiphenyl- 
sul phon e ( DPS, Dapso ne) is administered in 
grad ually increa sing amounts till the desired dose 
is reached and , then continued for a number of 
years. Ex periments in mouse f ootpads have indi- 
cat ed that DPS is effectiv e i n doses much smaller 
than those rou tinely employed. However^ there 
is ev idence t hat lepra bacilli are beco ming resis- 
tan t to dapso ne. Primary resistance has. been 
re ported to be as high as^28_j>er cent in 
Ch inglepattu and 40 pier cent in Mali, and secon- 
dary resistance, 3 .6 per cent in Shanghai and 6 4 
per cent w South India. In view of this, multiple 
dr ug therapy is now recomm ended injeprosy, as 
in tuberculosis. The current recommendation for 
p atients with pa ucibactllary lesions (I, T T. BT) is 
the c oncurrent ad ministration of rifampicin 6 00 
m g once am o n i ban d cl a pson e 1011 mg daily lor six 
months. Forrnulubacillary lesions (BB^BL, LL), 
the reco m'm enBai ion 7s rifampi cin~60 0 mg once a 
m onth , da psone HX) mg d a ily an d clofazimine 50 mg 
dai ly for two yea rs or until skin .smears are nega- 
tive. Et hionamide or pro thionamide may be 
ad ded to this re gimen or s u bs t i t u l e_d for e 1 o f a z i - 
mine. A minimum follow up of foujr_years for 
pau ribacil lary and eight years’ for m ultib acillary 
caseswouUBenecessary to detect any relapse. 

Prophylaxis: Case finding and adequate therapy 
hjvyJJeefl the methodsemployed for prophylaxis. 
hongjer.mche.moprophylaxis has given encoura- 
ging resul ts in child contact s of in fecti ous case s in 
Ind ia ar ullhe-Phdippines. 


Ther e is 'some de gree of antigenic re latio nship 
between lepra and tuberc le Bacilli. lT is Bn old 
clinical observation that lepro/y and "tuber- 
culo sis do not usually coex ist. BCG vaccine was 
observed to induce le prom in positivity and hence 
itsmsejn thepre\entiQn_oUeprosy was suggested 
by Fernandez as early as in 1939. Shepard found 
that lepra bacilli did not multiply in the footpads 
of mice immunised’ with BCG. A controlle d trial 
in Uganda gave very encouraging results, about 
85 per cent protection having been obtained 
ag'ainstleprdsyhyBCG vaccination. But another 
trial in New Guinea was much less encouraging 
and'alri a j in Burm a did no t show any protection 
More info rma tion has to be obtained before mass 
BCG vaccination can_be recommended for the 
prophylaxis of leprosy. 

Attempts are being made to develop a specific 
vaccine using lepra bacilli grown in armadilloes. 

Mycobacterium leprae murium 


This i s the c ausative a gent of rat lenros v. It was first 
described by Stefansky in 1901 at Odessa. It has 
been subscquenttly reported from several count* 
ries Rat leprosy is cha racterised by subcutane* 
ous indurations, lymphadenopathy, emaciation, 
ulcerations and loss of hair. Acid .fast bacilli 
resembling Iej>ra bacilli arc found in the lesions in 
largejiumbcrs. The rat leprosy bacillus docs not 
grow in artifical media.but.has been grown in tis- 
sue cultures. It ha s a g eneration tim e of seven 
days. It has been suggested that it may be respon- 
sible for some cases of human leprosy. 
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Elongated, motile, flexible bacteria that are occur as commensals on the buccal and genital 
twisted spirally around the long axis are termed mucdsa. Borrelia of medical importance are 
spirochaetes (from speira, meaning coil and Borr, recurrent, the causative agent of relapsing 
chaite, meaning hair), They are structurally more fever, Borr viacauu.y/ hich sometimes causes 
complex than other bacteria. A characteristic fusospirochaetosis and Borr.-bmgdoiferi, respon- 
feature is the presence of varying numbers of fine sible for the recently discovered Lyme disease, 

fibrils between the outer membrane and the inner 
peptidoglycan layer of the cell. The fibrils are Borrelia recurrentis 
anchored at the two poles of the cell. The spiral 

shape and the serpentine motility of the cell Relapsing fever has been known since the timeof 
depend on the integrity of these filaments. Hippocrates and has occurred in epidemic or 
Spirochactcs do not possess flagella, but are sporadic form throughout the world, 
motile. Motility is generally of three types — flex- The causative borrelia was first observed in the 

ion and extension, corkscrew-like rotatorymove- blood of patients by Obermeier and is "known as 
ment and translatory motion. Some are very Borr recurrentis (obermeirei). Borreliae, mor* 
actively motile while others are sluggish. phologically indistinguishable, but possessing 

Spirochaeles vary widely in size, some being certain antigenic differences were described by 
as long as 500jt and others as short as 5p Many are other workers from cases of relapsing fever from 
free living saprophytes while a few are obligate different parts of the world. These wcregiveitdif- 
parasites. They may be aerobic, anaerobic or ferent names, such as Borr. duttorn in Central 
facultative. Spirochactcs belong to the order Africa, Borr novyi in America and Borr carten 
Spirochaetales which is divided into five genera in India All of them are now generally consi- 
— Spirochaeta, Criitisnira. Borrelia, T reponcma dered to be antigenic variants of the single species 
and Leptospira Members of the genus Borr recurrentis, though some recognise two 

Spirochaeta are free living organisms seen in species based upon differences in the vectors, the 

water and sewage , while Cmtispira are found in borrelia of louse borne relapsing fever being called 
marine and fresh water molluscs Borr. recurrentis and that of tick borne relapdng 

fever Borr. du«om. 


BORRELIA 

Borreliae are large, motile, refractile spiro- 
chactcs with irregular, w ide and open coils. They 
arc usually 10-30 p. long and 0.3-0.7 p. wide. 
They ore readily stained by ordinary methods and 
are Grant negative. Several species of borrelia 


Morphology: Borr. recurrentis is an irregular 
spiral with one or both ends pointed ft is 8-20p 
long and 0.2-0. 4p wide. It possesses five to ten 
loose spiral coils at intervals of about 2p . H stains 
well with Giemsa and bacterial stains and isGraui 
negative. 



Cuftii'al characteristics: Borrelia arc strict anae- 
robes. Optimum temperature for growth is 2S°C 
- 30°C. Cultivation is difficult, but has been 
successful in ascitic fluid containing rabbit kidney 
( Noguchi’s medium ). Growth occurs on the 
chorioallantoic membrane of chick embryos. For 
primary isolation, the best method is to inoculate 
mice or rats infra peri toncally. When using 
experimental animals great care has to be taken 
to ensure that the animals arc free from preexist- 
ing bo rrcliosis. • 

Antigenic properties : The borrelia readily under- 
goes antigenic variations in iivo and this is 
believed to be the reason for the occurrence of 
relapses in the disease. Ultimate recovery alter a 
number of relapses may be due to the de\ clop- 
mem of immunity to all the antigenic variants 
Agglutinating, complement fixing and lyuc 
antibodies develop during infection, but their 
demonstration is not possible as a routine diag- 
nostic test due to the difficulty in preparing satis- 
factory antigens. 

Pathogenicity: After an incubation period of 2-10 
days, relapsing fever sets in as fever of sudden 
onset. During this period, borreliae are abundant 
in the patient’s blood. The fever subsides after 



fig. 42.1 Borrelia recurrent in peripheral blood smear 


3-5 days. After an afebrile period of 4-10 days dur- 
ing which borreliae are not demonstrable in blood, 
another bout of fever sets in. The borreliae reap- 
pear in blood during the relapses of fever. The 
disease ultimately subsides after 3-10 relapses. 

Splenomegaly is common and jaundice occurs 
in some cases. In fatal cases, necrotic foci con- 
taining borreliae in large numbers are seen in the 
spleen, liver and other organs. Haemorrhagic 
lesions are seen in the kidneys and intestines. The 
brain and meninges may also be involved. 

Experimentally, rodents such as rats, mice and, 
less readily, guinea pigs may be infected by 
intraperitoneal infection. The borreliae may sur- 
vive in the brain of infected animals after they 
have disappeared from the blood. 

Epidemiology: Relapsing fever may be transmit- 
ted by the b ody louse (Pediadus corporis) or by 
ticks. Louse borne relapsing fever tends to occur 
as epidemics whenever poverty, overcrowding 
and lack of personal hygiene encourage louse 
infestation. Epidemic relapsing fever used to be 
very- common during wars and in jails of former 
days, but with improvements in hygiene and the 
discovery of DDT and other insecticides, has 
become rare. The louse borne disease presents a 
more severe clinical picture than the tick borne 
variety and is associated with jaundice, haemor- 
rhages and, in some outbreaks, a high rate of fatal- 
ity. Infection is transmitted not bv the bite of lic e, 
but by their being crushed and rubbed into 
a braded skin. Borr. recur rent is i s not transmitted 
t ransoyanaUyjnJice> 

Tick born e relapsing fever occurs as sporadic 
cases. It is a ‘p lace disease ’ and is frequently 
associated w ith certain dwellings or caves that are 
inhabited by infected ticks. The disease is milder 
bu t relapses are more freque nt than in louse 
borne fever Borr. duttom persists in the body of 
infected ticks throughout their life and is also 
tran smitted transovariall v so that the ticks act as 
reservoirs as well as vectors. I nfection is iransm it- 
ted to man through the bite of ticks or through 
iheir d ischarges . Several species of soft ticks 
belonging to the genus Ornithodorus act as vcc- 


. r 
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tors, different species being responsible in diffe- 
rent regions. In India, the vector species are 
O. iholozone, O. crossi, O. lahorensis and the fowl 
tick Argas persiciis. In some areas man is the only 
mammal infected, but in other areas, rodents and 
other animals act as the reservoir of infection. 
Relapsing fever very rarely may be acquired con- 
genitally by transplacental transfer. Laboratory 
infection may occur through contact with the 
blood of patients or experimental animals. 

Laboratory diagnosis: The borreliae are found 
in the blood d uring the fever, but seldom in the 
apyrexial intervals. A drop of blood may be 
examined as a wet film under the dark groun d 
or ph ase contrast m icroscope and borreliae 
detected by their l ashing movements. Blood 
smears may be stained with Giemsa or Leishman 
stain or with dilute carbol fuchsin and examined 
for borrclia. 

A more successful method is to inoculate 
1-2 ml of blood from the patient into white jmee 
intr ap eritimeaUv The borreliae multiply in the 
animals and appear in large numbers in 
peripheral blood within t wo d ays. Smears are 
prepared from blood collected from thejaiLvein 
and examined daily for two week s. 

Cultivation of the borreliae and demonstration 
of antibodies are too difficult and unreliable to be 
used in diagnosis. Patients with relapsing fever 

action. _Aggl utinins for Proteus OX K are sometimes 
seen in high titre in louse borne relap sing fev er. 


Prophylaxis Prevention of louse borne relapsing 
fever consists of prevention of louse infestation 
along with the use of insecticides whenever 
necessary. Prevention of tick borne disease is less 
easy and consists of identification of tick infested 
places and their avoidance, or eradication of the 
vectors No vaccine is available 

Treatment: Arscnicals used to be employed for- 
merly, but are now replaced by the antibiotics, 
penicillin, streptomycin and tetracycline, which 
aresaferand more effective. 



Fig 42.2 Throat swab from a case of Vincent's angina 
showing Vincent's spirochactes and fusiform bacilli 


Borrclia Vincent] (Treponema v'meenti) 

Dorr, vtneenti is a motile spirochaete, about 
5-20*1. long and 0.2-0.6p wide, with three to 
eight coils of variable size. It is easily stained with 
dilute carbol fuchsin and is Gram negative. It is a 
normal mouth commensal but may, UnderprcdiS* 
posing conditions such as malnutrition or viral 
infections, give rise to u lcerative cingivos - 
t omatitis or o ropharvnpiti sfV ^pnt’sangiua )' 1" 
these cases, Dorr, x incenti is'always associated 
with lusifomThaalVi f Finobaclerium ftinfpi’fflt H 
This symbiotic infection is known as JijsP' 
spirochaetosi s. Large numbers of spirochaetcs and 
fusiform bacilli may also be' demonstrated in 
some cases of lung abscess. p hagede ngusjkj n 
ulcers and gangrenous balanitis. Theii'significancC 
is uncertain. They are not priihary pathogens, b« l 
may cause opprotunistic disease in devitalised tis- 
sues. 

Diagnosis may be made by demonstrating 
spirochaetes and fusiform bacilli in stained 
smears of exudates from the lesions. Borr. vin- 
centi may be cul tivate d with difficulty in enriched 



37 } 


media angexobically. Fusiform bacilli also grow 
in the culture and it is very difficult to obtain a 
pure growth. Penciliin and metronidazole are 
effective in treatment. 

Fusospirochaetal infection of the intestine has 
been reported to cause chole raic diarroho ea or 
dvsenterv. but this needs further confirmation. 

Borrelia burgdorferi 

A new spirochaetal disease identified in 1975 was 
named Lvme disease , as it was first observed in 
L\me. Connecticut. USA The disease has sub- 
sequently been reported from other parts of the 
USA. Europe and Australia. The initial mani- 
festations arc an expanding annular skinjesion 
(erythema chronicum nigrans), fever, headache, 
myalgia and lymph adenopathy. Weeks or months 
later, some develop meningoencephalitis, 
neuropathies and myocarditis. Chronic arthritis 
is a late sequel. 

The causative spirochaete has been named 
Bon. burgdorferi. It can be grown in a modified 
Kelley’s medium, after incubation for two weeks or 
more. It is sensitive to penicillin and tetracycline. 
Deer is considered to be the reservoir. The vector 
is Ixodes danunini and related ticks. The 
spirochaete has been isolated from ticks as well 
as from skin iesiqns. CSF and the blood of 
patienis. 



Fig 42 3 Leptospira — dark ground illumination 



Leptospires are actively motile, delicate 
spirochaetes possessing a large number of closely 
wound spirals and characteristic hooked ends 
They are too thin to be seen under the light mic- 
roscope ( leptos , meaning fine or thin). They may 
be visualised u nder dark ground il l umination 
They do not stain readily. Several leptospires are 
saprophytic while many are parasitic in rodents 
and other animals. Infection in natural hosts is 
generally asymptomatic, but when other animals 
or man are infected, clinical disease may result. 

The first recognised leptospiral disease of man 
was the spriro chaetal jaundice described by Wej| C' 
(1886) The causative agent of Weil’s disease wa s 
is olated in 1915 an d named L icterohaemo r- 
rhagiae. Subsequently a very large nu m ber ofle^- 
t ospires hav e been isolated f r om human patien ts 
an d animals from diffe ren t parts of the world . 
These were given different names and considered 
to be different species of leptospires. Several sap- 
rophytic leptospires were also isolated from 
water, sewage and other sources ’The genus lep- 
tosptra is now classified into two species L. inter- 
rogans containing the pathogenic leptospires. 
and L. biflexa containing saprophytic leptospires 
found predominantly in surface waters. Within 
each species are serogroups, which are further 
classified into serotypes (serovars). For example. 

L. interrogans is classified into several serogroups 
(Icterohaemorrhagiae, Canicola, Pyrogenes, 
.AutummUs, AustraJis, Pomona. Hebdwnadis, 
Grippotyphosa. Andamana, etc). Within each 
serogroup several serovars are recognised, e.g., 
the serogroup Icterohaemorrhagiae contains 
the serovars icterohaemorrhagiae, Copenhagen », 
smithi, Budapest , etc). About 180 serovars have 
been identified, assembled into 18serogroups. 

Morphology. Leptospires are delicate spiro- 
chaetes about 6 -20 p long and 0.1 p, thick. They 
possess numerous coils set so close together that 
they can be distinguished only under dark ground 
illumination in the living state or by electron mic- 
roscopy. Their ends are hooked and resemble 
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umbrella handles They are actively motile. They 
do not take bacterial stains. They may be stained 
with Glcmsa stain. Better results are obtained by 
silver impregnation methods. 

Cultural characteristics: Leprospires can be 
grown in media enriched with rabbit serum. Sev- 
eral liquid and semisohd media, such as 
Korthofs. Stuart’s and Fletcher’s media have 
been described. They are aerobic and mic- 
roacrophihc. In semisohd media, growth occurs 
characteristically a few millimeters below the sur- 
face. Optimum temperature is 25“-30°C and 
pU 7 .2-7,5. The. U<x« w. 

laboratory media is 12-16 hours and 4-8 hours in 
inoculated animals. 

Lcptospires may be grown on the chorioallan- 
toic membrane of chick embryos. They may be 
demonstrated in the blood of allantoic vessels 
4-5 days after inoculation. Bacterial contamina- 
tion is a serious problem in isolating and maintain- 
ing leptospircs in culture. The use of 5- fluorouraci! 
has been recommended for the inhibition of con- 
taminating bacteria in cultures. A simple method 
for obtaining cultures free of contaminants is to 
inoculate the material intrapcritoncally tn guinea 
pigs and culture the heart blood collected ten 
minutes later. Leptospires arc able to invade the 
bloodstream more rapidly than other bacteria 

Resistance. Leptospires are very susceptible to 
heat, being killed in ten minutes at 50°C and in 10 
seconds at 60°C. They are also sensitive to acid 
and are destroyed by gastric juice in 30 minutes. 
Bile destroys them rapidly. They are also readily 
destroyed by most antiseptics and disinfectants 
Their survival in water depends on temperature, 
acidity, salinity and nature and amount of pollu- 
tion. At 26*C and pH 7.0, they die within 30 days 
in polluted riser water, 18-20 hours in sea water. 
12- 14 hours in sewage and three minutes in water 
containing 1 p.p.m. chlorine. 

Antigenic properties: Leptospires exhibit consid- 
erable antigenic cross reactions. A hpopolysac- 
*■ hands antigen appears to be present rn .ill mem- 


bers of the genus. Classification into serogroups 
and serotypes is based on surface antigens, prob- 
ably composed of protein-polysaccharide com- 
plexes. Determination of serotypes is based on 
agglutination and cross absorption reactions 
using immune rabbit sera. 

Pathogenicity: In natural reservoir hosts, lepto- 
spiral infection is asymptomatic. But when infec- 
tion is transmitted to other animals, clinical dis- 
ease may result. Man is infected when the Icpto- 
spires in water contaminated by the urine of car- 
rier animals enter the body through cuts or abra- 
sions on the skin, or through intact mucosa of 
mouth, nose or conjunctiva. The incubation 
period is usually 6-8 days. The clinical picture 
vanes from mild undifferentiated pyrexia to 
severe or fatal illness with hepatorenal damage 
(Weil’s disease). In severe cases, the onset n 
acute, with rigor, vomiting, headache and intense 
injection of the eyes The fever is irregular and 
usually subsides in about ten days. Jaundice 
occurs in about 10-20 per cent of cases by Ihesec- 
ond or thtril day. Purpuric haemorrhages some- 
times occur on the skin and mucosa. AlbuminuriJ 
is a constant feature. 

This typical presentation is unusual. Man/ 
cases present as aseptic meningitis and in some, 
abdominal symptoms predominate. Clinical 
diagnosis is impossible in the majority of cases 
and unless a high index of suspicion is maintained 
and laboratory assistance sought, leptospirosis 
will be missed in nil but a few instances. 

Leptospires are seen in the blood during the 
acute phase of the disease, but can seldom be 
demonstrated after 8-10 days. They persist in the 
internal organs, and most abundantly in the kid- 
neys, so that they may be demonstrated in the 
urine in the later stages of the disease. 

Serious cases of leptospirosis arc caused most 
often by serotype icterohaemorrhagiae, though 
they may also be due to Copenhagen i and less 
often bat a vine, grippotyphosa, pyrogenes, anda- 
tnana and some others. Aseptic meningitis is 
common in canicola infection and abdominal 
symptoms in grippoiyphosa infections. 
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Laboratory diagnosb : Diagnosis may be made 
by demonstration of the leptospires microscopi- 
cally in blood or urine, by isolating them in cul- 
ture or by inoculation of guinea pigs, or by 
serological tests. 

1. E xamination of blood: As leptospires dis- 
appear from btood after the fi rst week , brood 
examination is helpful only in the early -Stages of 
the disease, preferably before antibiotics are 
given. Leptospires may be demonstrated by 
examination of blood under the dark field mic- 
roscope or by immunoflourescence. Three or 
four drops of blood are inoculated into each of 
several bijou bottles containing Stuart's or 
Korthofs medium. The bottles are incubated at 
37 e C for two days and left thereafter at room 
temperature in the dark for two weeks. Samples 
from the cultures are examined every third day 
for the presence of leptospires under dark ground 
illumination. Chances of isolation are increased 
by culturing blood daily at the early stage of the 
disease. Leptospires may sometimes be isolated 
from CSF also. 

The blood from the patient is also inoculated 
intraperitoneally into young guinea pigs. With 
virulent serotypes like icicrohaentorrhagiae, the 
animals develop fever and die within S-12 days 
with jaundice and haemorrhage into the lungs 
and serous cavities. With other serotype^ such as 
canicola and pomona the animal may not become 
ill and infection will have to be identified by 
demonstration of the leptospires in the peritoneal 
.fluid, by Wood culture or by serology. From she 
third day after inoculation, the peritoneal Ouid is 
examined daily under dark ground illumination 
and when leptospires are detected, the blood 
withdrawn by cardiac puncture is inoculated into 
culture media. 

2. Examination of uri ne: Leptospires appear in 
the unne in the second week of the disease and 
intermittently thereafter for 4-6 weeks. The 
urine should bee xammed immediately after voi- 
di ng as leptosp ir es readily underg o ivsisYn acid 
urine . Centrifuged deposit ot the unne may be 
examined under dark ground illumination. 
Direct culture of urine ts seldom successful 


because of contamination , but isolation is usually 
possible by inoculation into guinea pigs. 

The identification of the isolates of leptospires 
is made by agglutination with type specific sera. 
Due to the large number of serotypes and the 
high degree of antigenic cross reactions between 
them, identification of isolates is a complicated 
procedure and is generally confirmed by one of 
the WHO/FAO Reference Laboratories. 

3. Serological diagnosi s: Antibodies appear in 
serum towards the end of the first week of the dis- 
ease and increase till the fourth week, declining 
thereafter. Agglutinins may, however, be 
demonstrable years after the infection. Two 
types of serological tests are available, the 
broadly reactive screening tests and the serotype 
specific tests. 

The broadly reactive or genus specific tests 
identify leptospira! infection without indicating 
the exact infecting serovar. The antigens for 
these tests are prepared from the nonpathogenic 
L. bijlexa Patoc 1 strain. The tests employe d 
incl ude sensitised er yt hrocyte lysis (SELL com- 
plement fixation, agglutination and indirect 
i mmunofluorescence" ELlSA has been used to - 
detect 7gM and igG antibodies separately, in 
order to indicate the stage of infection! " 

The type specific tests ident ify the infecting 
serovar by demonstratin g s pecific antihodfes !~ 
Macroscopic and microscopic agglutination tests 
are used for this purpose. In the former, for- 
malinised suspensions of prevalent leptospira 
seravars are tested for macroscopic agglutination 
with serial dilutions of the test scrum. These anti- 
gen kits arc available commercially. The micro- 
scopic agglutination test generally uses live cul- 
tures and agglutination is observed under the low 
power dark field microscope. This test is more 
specific and is usually done only in reference 
laboratories. Due to the presence of some degree 
of cross reactions between different scrovars, 
agglutination absorption tests may sometimes 
become necessary for accurate diagnosis. 

4. Diagnosis of leptospirosis in animals: Infec- 
tion in rodents and other animals may be diagnosed 
by serological rests or by culturing pieces of kidneys. 



374 


TEXTBOOK OF MICROBIOLOGY 


5. Examination of water for pathogenic lepto- 
spires: If a shaved and scarified area of the skin o f 
a young guinea pig is immersed in water for an 
hour, infection" tak es place through the aBr a- 
sions. 

Epidemiology: Leptospirosis is a zoon osis. Patho- 
genic leptospires survive for long periods in the 
convoluted tubules of the kidneys in natural 
hosts, multiply and are shed in the urine. Animal 
carriers often excrete upto 100 million lepto- 
spires per ml of urine. If the infected urine con- 
taminates the water or mud that is neutral or 
slightly alkaline, the leptospires survive for 
weeks. When man comes into contact with such 
water, the leptospires enter the body through 
abraded skin or mucosa and initiate infection. 
Certain occupational groups such as agricultural 
workers in rice or cane fields, miners and sewer 
cleaners are more often exposed to infection , and 


so leptospirosis is more common in them. Lepto- 
spires may be shed in the milk of lactaimg animals 
But they die rapidly in milk, and human infection 
through milk is not known. They are not shed in 
saliva , and so animal bites are not infectious. 

Several animals act as carriers. Rats are par- 
ticularly important as they are ubiquitous 
and carry the most pathogenic serotype ictero- 
haemorrhagiae. Field mice carry grippotyphosa, 
pigs pomona and dogs canicola serotypes. But 
the same serotype may be carried by different 
mammals and one mammal may carry different 
serotypes. While leptospires are generally non- 
pathogenic in the reservoir animal, leptospirosis 
is of veterinary importance as infection of cattle 
and pigs cause considerable economic loss. Infec- 
tion among animals is also transmitted by urinary 
contamination of water and fodder. Leptospires 
have been demonstrated in some ticks and 
nematode parasites of infected mammals, but 


TABLE 42.1 

Important leplosplral Infections 


Serotype 

Disease 

Clinical picture 

Main source 

Distribution 

icterohaemorrhagiae Weil's disease 

Fever, jaundice, 
haemorrhages 

Rat 

Worldwide 

canicola 

Canicola fever 

Influenza-like, 
aseptic meningitis 

Dog 

Worldwide 

grippotyphosa 

Swamp or marsh 
fever 

Fever, prostration, 
aseptic meningiiis 

Field mice 

Europe, Africa, 

S.E. Asia. USA 

pomona 

Swineherd's 

disease 

Fever 

Pig 

America, Europe, 
Middle East, Indo- 
nesia, Australia 

hebdomadis 

Seven day fever 
Ljmpnaclenopathy 

Fever, 

Field mice 

Japan, Europe, 

USA 

autumnahs 

Pretibial 
fever, Fort 

Bragg fever. 

Fever, rash 
over tibia 

Field mice 

Japan, S.E. 

Asia, USA 

pyrogtnes 

Febrile 

spirochaetosis 

Fever 

Field rats 

S.E. Asia Europe. 
USA 

bam-iae 

Indonesian 

Weil's disease 

Fever 

Rat 

S E. Asia, Africa, 
Europe 

andamana 

\ 

Weil’s disease of 
Andamans 

Fever, jaundice 

Rat 

S.E. Asia 
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they do not seem to play any significant role in 
transmission. Man is an aberrant or ‘end’ host. 
There Is no evidence that human patients infect 
others. 

Leptospirosis is worldwide in distribution. 
Certain serotypes such as icterohaemorrhagiae 
are present universally, while others are confined 
to certain areas. As the facilities for diagnosis of 
leptospirosis are not widely available, informa- 
tion on the prevalence of the disease is very 
incomplete. 

Prophylaxis: As leptospirosis results from con- 
tact of skin or mucosa with contaminated water, 
general measures of prevention such as rodent 
control, disinfection of water and the wearing of 
protective clothing contribute to its prevention. 
Vaccination has been attempted with some suc- 
cess in dogs, cattle and pigs. Immunity following 
vaccination or infection is serotype specific. Vac- 
cination has also been tried in persons at high risk 
such as agricultural workers. 

Therapy: Leptospires are sensitive to penicillin 
and tetracyclines, but treatment to be effective 
should be started early in the course of the dis- 
ease. Early serotherapy of Weil’s disease, using 
purified antiserum of high potency has given 
good results but the serum is not generally availa- 
ble. 

TREPONEMA 

Treponemes (r repos , meaning to turn, an dnema, 
meaning thread) are sl ender spirochaetes with 
fing-^pirals and poi nted or rounded -ends. They 
can be readily distinguished from borreliae and 
leptospires morphologically. Some of them are 
pathogenic for man, while others occur as com- 
mensals in the mouth and genitalia. The 
pathogenic treponemes have not been success- 
fully cultivated, though the commensals may be 
grown in artificial media. Pathogenic treponemes 
cause the following diseases in man: 

1 . Venereal syphilis caused by T. pallidum . 

2. Endemic syphilis caused by T. pallidum. . 



Fig 42.4 Treponema pallidum — dark ground illumination 

3. Yaws caused by T. pertenue. 

4. Pinta caused by T. carateum. 

They are almost identical in their morphol ogy, 
a ntigenic structure and other feature s, though 
there are differen ces irilheclintcal features nd 

has been suggested that the pathogenic tre- 
ponemes represent only evolutionary variations 
of a single species and that the diseases caused by 
them, though different clinically and epidemio- 
logically, should be considered parts of a continu- 
ous spectrum of treponematoses. 

Treponema pallidum 


Treponema pallidum, the causative agent of 
syphilis, was discovered by Schaudinn and 
Hoffmann (1905) in the chancres and inguinal 
lymph nodes of syphilitic patients. The name pal- 
lidum refers to its pale stainin g. 

Morphology: It is a thin, d elicate sp ir ochaete 
with t apering e nds, about lGp. m length (range 
4-14p) and(Jj-0.2p.(n width. It has about ten 
regular spirals, which are sharp and angular, at 
regular intervals of about ljx. It is actively motile, 
exhibiting rotation r ound the long axis, b ackward 
and forward movements and flexion of the whole 
body. During motion, secondary curves appear 
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and disappear in succession, but the primary spi- 
rals are unchanged. 

It cannot be seen under the light microscope in 
wet films but can be made out by negative staining 
with Indian ink. Its morphology and motility can 
be seen under the dark ground microscope. It 
does not take ordinary bacterial stains. It stains 
light rose red with Giemsa stain. It can be stained 
by silver impregnation methods. Fontana’s 
method is useful for staining films and Lcvaditi’s 
for tissue sections. 

It is morphologically indistinguishable from 
T. pertetwe and some commensal spirochaetes of 
the mouth and genitalia like T. microdenttum and 
T. nuicosum. Most saprophytic spirochaetes 
show lashing motility and lack the uniform spirals 
and their regular spacing at \y. intervals, as seen 
in T pallidum. 

Cultivation : Beginning with Noguchi (1911), 
there have been claims of cultivation of T pal- 
lidum in artificial media These have not been 
confirmed and it is generally agreed that 
pathogenic treponcmes do not grow in artificial 
media, chi ck emhryns nr tissi i/Tidlnrp ■ Ir is how, 
ever, possible to maintain T. pallidum in motile 
and virulent form for 10-12 days in complex 
media under anaerobic conditions. Non- 
p athogemc treponemes related to T pallidum 
(e g , Reiter strain ) are cultivable. Virulent 
T pallidum can be maintained by serial passage in 
rabbit testes. One such, strain (Nichol's strain) 
has been maintained for several decades by serial 
testicular passage since its first isolation in 1912 
from the brain of a fatal case of general paralysis 
of the insane 

Resistance: T. pallidum is very delicate, being 
readily inactivated by drying or by heat (41° - 
42°C in one hour) Hence fomites are of little 
importance in transmission of infection. Suscep- 
tibility of T. pallidum to heat was the basis of the 
'fever therapy’ for syphilis. It is killed in 1-3 days 
at 0°-4°C, so that transfusion syphilis can be pre- 
vented by storing blood for at least four days in 
the refrigerator before transfusion. Stored frozen 


at -70°C in 10% glycerol, or in liquid nitrogen 
(-130 9 C) it remains viable for 10-15 years. 1th 
inactivated by contact with oxygen, distilled 
water, soap, arsenicals, mercurials, bismuth, 
common antiseptic agents and antibiotics. 

Antigenic structure: The antigenic structure of 
T. pallidum is poorly understood. Treponemal 
infection induces at least three types of 
antibodies. The first is the antibody that reacts in 
standard or nonspecific serological tests for 
syphilis, such as Wassermann, Kahn and VDRL, 
in which a lipid hapten extracted from beef heart 
is used as the antigen. The hapten is known as 
cardiolipin and is chemically a diphosphatidjl 
glycerol. It is not certain whether cardiolipin isan 
antigen contained in T. pallidum itsetf or whether 
it is a hapten released from tissues damaged by 
infection. Antibodies reacting with cardiolipin 
appear in many other pathological conditions 
also. 

The second antigen is a protein antigen present 
in T. pallidum as well as nonpathogenic tre- 
ponemes such as the Reiter treponeme. This 
appears to be a group antigen. Antibodies to this 
group antigen appear in syphilis and are demon- 
strable by serological tests in which the Reiter 
strain is used as the antigen. This antibody is not 
specific for syphilis and false positive reactions 
arc not uncommon. 

The third antigen, probably polysaccharide m 
nature, is species specific. The antibody to this 
antigen is demonstrated by the T. pallidum 
immobilisation test which is positive only in the 
sera of patients infected with pathogenic tre- 
ponemes. 

Pathogenicity: Natural infection with T. P°l' 
hdum occurs only in man. Experimentally. mon ' 
keys may be infected. A disease resembling 
syphilis can be produced experimentally in chim- 
panzees, with typical lesions of primary and sec- 
ondary syphilis. Rabbits can be infected by 
imr.idcrm.il or mtr.itcsticu!.ir inoculation, the 
former giving rise to chancre and the latter to 
syphilomas. Serial passage in rabbits does not 
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appear to reduce the virulence of the spirocha 
to man, as evidenced by several accidental infec- 
tions in laboratory workers caused by the 
Nichol's strain. Hamsters are also susceptible. 

SYPHILIS 

The origin of syphilis is not definitely known. 
Towards the end of the fifteenth century, syphilis 
spread widely throughout Europe in a particu- 
larly virulent form. The name ‘syphilis' was 
derived from a poem written by Fracastorius of 
Verona describing the legend of a shepherd 
named Syphilus, who had been struck with the 
disease. It was widely held that syphilis was a new 
disease brought from America by Columbus’s 
crew. The natural history of the disease has 
undergone alterations since then, but syphilis 
continues to be one of the most important and 
widespread of human infections. 

Venereal syphilis is acquired by sexual contact. 
The spirochaetc enters the body through minute 
abrasions on the skin or mucosa. It multiplies at 
the site of entry. Clinical disease sets in after an. 
incubation period of about a month (range 10-90 
days). The clinical manifestations fall into three 
stages, primary, secondary and tertiary. 

The primary lesion in syphilis is the chancre. In 
all buTa fewT the chancre is genital. Other com- 
mon sites are the mouth and nipples. In some 
cases the chancre may not be visible, as when it 
occurs on the uterine cervix . The chancre is a 
painles s, relatively avascular, circumscribed , 
in durated, superficia lly nlc-ernteri lesion. It is 
known as ‘h ard chan cre' to distinguish it from the 
nonindurate d lesions of ‘s oft-Sore*. caused by 
H. ducreyi, and-Hunterian-chancre. after, John 
Hunter who produced the lesion on himself 
experimentally and described the evolution of 
the disease. "The chancre is c overed by a thic k, 
g lairy exuda te, very rich in spirochactes. The re- 
gional lyr qph nod es are swollen, discrete, rubbery 
and nontejtder. Even before the chancre 
appears, the spirochaetes spread from the site of 
entry into the lymph and bloodstream, so that 
the patient may be i pfectious during the la teincu- 
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b ation perio d. The chancre in variably heals in 
about 1 0-40 day s, even without treatment, leav- 
ing a t{un scar. 

Secondary syp hilis sets in two to six months 
after the primary lesion heals, during which 
period the patient is asymptomatic. The secon- 
dary lesions are due to widespread multiplication 
of the spirochaetes and their dissemination 
through the blood. R oseolar or papular sk in 
rashes, mucous patches in the oropharynx and 
c ondylomata at mucocutaneous functions are the 
characteristic lesions. Spirochaetes are abundant 
in the lesions and consequently the patient is 
most infectious during the secondary stave . 
There may also be ophthalmic, osseous and 
meningeal involvement. Secondary lesions are 
highly variable in distribution, intensity and 
duration, but they usually undergo s pontane ous 
healing, in some instances taking as lon g as four 
o rfive yea rs. 

Afterthe secondary lesions disappear, there is 
a period of quiescence known as ‘ latent syphilis * . 
Diagnosis during this period is possible only by 
ser olog ical tests. In many cases, this is followed 
by naturahrure but in others, after several years, 
manifestations of tertiary syphilis appear. These 
consist of cardi ovas cular lesions including 
aneurysms, chronic granulomata (gummata) and 
mening ovascular manifes tations. Tertiary lesions 
contain few spirochaetes and may represent mani- 
festations of dela yed hypers ensitivity. In a few 
cases, neurological manifestations such as tabes 
dorsalis or general paralysis qfthejnsane develop 
several decades after the initial infection. These 
are known as l ate tertiary or qu aternary *yphili«j_. 

In syphilis acquired nonvenerea tlv (as occupa- 
tionally in doctors or nursesJTthe natural evolu- 
tion is as in venereal syphilis, except that the 
pri mary chancre, is extra geni tal, usually on the 
fingers. In the rare instances where syphilis is 
transmitted by bl ood .tran sfusion, the primary 
ch ancre does not occ ur. In c onge nital syphilis, 
where infection is transmitted from mother to 
offspring transglacentally, the manifestations 
and course are different. The obstetric history in 
a syphilitic woman is one of a bortion s and 
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stillbirths followed by live birth s of infants wi th 
st igmata o fsyphilis and fi nMlyofhealthv infants- 

Laboratory diagnosis: As the manifestations of 
syphilis are protean and as there are asymptoma- 
tic periods during the natural course of the dis- 
ease, laboratory aid is essential for the diagnosis 
of (he disease. It is also important in assessing the 
cure after treatment. Because of the social and 
emotional overtones of the disease, the diagnosis 
ofsyphilis should impose a great sense of respon- 
sibility on the laboratory. Laboratory diagnosis 
consists of demonstration of the spirochaetes 
under the microscope and of antibodies in serum 
orCSF. 

Diagnosis by mi crosc opy is applicable in pri- 
mary and secondary stages and in cases of congeni- 
ta l syphilis with superficial lesion s. Specimens 
should be collected with care as the lesions are 
hi ghly infecti ous The lesion is cleaned with a 
gau ze soaked in warm salin e and t he margins 
g ently scrape d so that th e supe rficial epith el ium 
is abrade d. Gentle pressure i s applied to t he_hnse_ 
o f the lesion a nd the se rum that exudes is col- 
lec ted prev entin g adm ixture with bl o od. W et 
film s are pr epa red with the exudate a nd aflfcr 
applying thin coverslips, examined under the 
d ark ground mi croscope. T. palhditm is iden- 
tified by its slender spiral structure and slow 
movement. Differentiation from saprophytic 
spirochaetes commonly present in the genital 
area needs experience. If antiseptics have been 
applied to the lesion, it should be cleaned well 
and a wet saline dressing applied for a day before 
spirochaetes are looked for. Local application of 
penicillin diminishes the chances of finding 
spirochnetes. If the chancre is heal jp g, spiro- 
chactcs may not be demonstrable in it, but exami- 
nation of fluid aspirated from jhe regional lym ph 
node may be positive If examination cannot be 
done immediately, the exudate should be col- 
lected tn c apillary tubes, the ends sealed and 
transported to the laboratory’. 

Dark ground e xami nati on is useful, but nega- 
tive rcsultno^nor^exclude . the diagnosis of 
syphilis. Repeated examinations are sometimes 


.necessary. A fluorescent antibody tes t on the 
smears of the exudate gives a higher positive rate. 

Serological tests: These tests form the mainstayof 
laboratory diagnosis. There are a bewildering 
array of tests available, varying in their sensitivity 
and specificity. They may be classified, depend- 
ing on the antigens used, into the following: 

1. Standard tests for syphilis (STS) in which 
lipoidalor cardiolipin antigens are used. 

2. Treponemal tests in which treponemes are 
used as the antigen. These are of two kinds: a) 
those using cultivable treponemes, such as Reiter 
strain, as the antigen, and b) those in which 
pathogenic T. pallidum (Nichol’s strain) is the 
antigen employed. Treponemal tests may also be 
classified according to whether the antigen 
employed is live, killed or extracts of tre- 
ponemes. 

Standard tests for syphilis: Wassermann, Neisser 
and Bruck (1906) devised the complement fixa- 
tion test for syphilis using as antigen, a watery 
extract of the liver of a syphilitic fetus. They used 
syphilitic liver as a source of treponemes and 
believed that the test was specific, but Marie and 
Lcvaditi ( 1 907) found the extracts of normal liver 
gave identical results. It was subsequently found 
that better results were obtained *by osing an 
alcoholic extract of ox heart tissue, to which 
lecithin and cholesterol were added. This crude 
antigen was standardised by Pangborn (1942-45) 
who introduced cardiolipin, a purified extract of 
beef heart. 

The standard tests that are usually employed 
are Wasse rmann, Kahn and the Venereal Dis- 
ease s Research Laooraiory i ViaR L) itrstsrThe 
Wassermann reaction is a complement fixation 
test. The patient’s serum is ‘inactivated’ by heat- 
ing at 56°C for 30 minutes to destroy comple- 
ment. It is then incubated with cardiolipin anti- 
gen ancTguinea pig complement tl the serum 
contains antibody to cardiolipin, the added com- 
plement is used up in the antigen-antibody reac- 
tion. If antibodies are absent, the complement is 
left behind. So the next step is to test for the pre- 
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sense or absence of complement in the system. 
This is done by adding an indicator, haemolytic 
system consisting of sheep erythrocytes and 
antisheep erthrocyte antiserum prepared by 
immunisation of rabbits (ambocepto r). The 
amboceptor causes l ysis of the erythrocytes if 
c omplement is available . So, if haemolysisoccurs 
after i ncubation with the haemolytic system , it 
indi cates that the complement was not utilised in 
the primary reaction because antibody to car- 
d iolipin was abse nt. This is the case when the 
patient is not syphilitic, i.e., the test is negative. If, 
on the other hand, haemolysis does not occur, it 
indicates that complement was not available as it 
had been utilised in the primary reaction between 
cardiolipin and antibody. This is the positive test. 
The Wassermann reaction was the earliest and, 
for a long time, the most popular serological test 
for syphilis, but because of its complexity, it has 
been largely supplanted by the simpler tests like 
KahnorVDRL. 

The Kahn test is a tube flocculation test. In this 
test, 0.15 ml serum taken in three tubes is mixed 
with different amounts (0 .05 , 0.025 ,0.0125 ml) of 
freshly prepared antigen dilution, shaken in the 
Kahn shaker at 280 oscillations per minute and 
examined after addition of saline. The negative 
test shows uniform opalescence. Floccules 
appear in the positive test. The result is graded 
depending on the appearance of floccules in the 
three tubes. 

With the recognition that false positive reac- 
tions were encountered, an attempt was made to 
make the test more specific by developing the 
Kahn verification test. Here the test is observed 
both at 1‘C and 37°C. The antibody due to 
syphilis generally gives a stronger reaction at 
37°C and the nonspecific antibody at 1°. This 
modification has not succeeded in obviating false 
positive reactions. 

The VDRL test has several advantages over 
the Wassermann and Kahn tests and, therefore, 
is today the most widely used serological test for 
syphilis. It is a simple and rapid test which 
requires only a small quantity of serum and is as 
sensitive and no less specific than the other tests. 


In the slide flocculation test which is in routine 
use, 0 .05 ml of inactivat ed ser um is tak en in spe- 
c ial slides with depre ssions. Alternatively, slides 
may be prepared by application of paraffin rings. 
One drop of the freshly prepared antigen is added 
with a syringe delivering 6 0 dro ps to the ml. The 
slide is rotated at 1 80 ro tations per minute in a 
VDRL rotator for four minutes. It is then examin- 
ed under the microscope with the low power objec- 
tive. Uniform distribution of crystals in the drop 
i ndicates th e serum is nnnreac tive. while the for- 
mation o f clu mps ind icates that it is reactive. 
With reactive sera, serial dilutions can be tested 
to obtain the reactive titre. Sera containing high 
titres of antibody, if tested undiluted, may some- 
times give a false negative reaction due to the 
prozone phenomenon. The VDRL test can also 
be done as a tube flocculation test. 

A simple flocuculation test, particularly useful 
for screening is the rapid plasma reagin (RPR) 
card test. This uses a carbon-containing cardioli- 
pin antigen. A fingerprick sample of blood is suf- 
ficient. The test does not require microscopy and 
can be done in the field. 

The major disadvantage in the standard tests is 
that the antigen is nonspecific and hence may 
react with the sera of patients who may not have 
syphilis. This occurrence of false positive reac- 
tions, for inherent reasons and not due to any 
technical error, is known as ‘biological false posi- 
tive’ (BjT) reaction. The antibody reacting w ith 
the lipoidal antigen is kn own as ‘ reagi n*. (The 
anfibody found in atogicconditions is also called 
reagin, but there is no connection between the 
two.) Reagin, and therefore biological false posi- 
tive reactions, may occur in a wide variety of 
infections and nonin fectious conditions asso- 
ciated with tissue damage. These include leprosy 
(particularly lepromatous leprosy), malaria, 
relapsing fever’ infectious mononucleosis, 
hepatitis, tropical eosinophilia and collagen dis- 
eases such as systemic lupus erythematosus and 
rheumatoid arthritis. Repeated blood loss, 
menstruation, coronary disease, severe trauma, 
vaccination and pregnancy may at times lead to 
false positive reactions. BFP reactions may be 
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classified as acute and chronic; in the former they 
disappear within six months whereas in the latter 
they persist indefinitely. Acute BFP reactions arc 
seen in infections and chronic reactions in colla- 
gen diseases. It is to eliminate false positive reac- 
tions that tests have been developed using tre- 
ponemal antigens. 

Treponemal tests: A- Tests using Reiter tre- 
poncme: The only test in this group that is 
employed at present ts the Reiter protein comple- 
ment fixation test (RPCF). The principle is the 
same as the VVassermann test, but the antigen is 
an extract of the Reiter treponeme. This is less 
sensitive than the cardiolipin tests in early 
syphilis, but is more sensitive in late or latent 
syphilis. It is much more specific, but false posi- 
tive reaction still occur in a small percentage of 
sera. 

B. Tests using 7'. pallidum : (Nichol's strain): 
Several tests have been described. They may be 
classified as those in which the antigen used is 
live, killed or an extract of the spirochaete. 

1. Tests using live T. pallidum: The Treponema 
pallidum immobilisation (TPI) te st employs live 
•T. pallidum maintained anaerobically in a com- 
plex medium. The test scrum is incubated 
anaeorbically with a suspension of the ircpone- 
mes 3nd complement. If antibodies are present, 
the trcponcmcs will be found to be ‘immobilised’ 
(rendered nonmotile), when examined under 
dark ground illumination. The test is considered 
reactive if more than 5iT per cent of the ireponemes 
arc immobilised, doubtful if between 50 per cent 
and 20 per cent are immobilised and nonrcactive 
if less than 20 per cent arc immobilised, informa- 
tion about penicillin treatment- should invariably 
be furnished as traces of penicillin will interfere 
with the test. TPI test is the most specific test 
available for syphilis However, the test is reac- 
tive in other treponemal infections like yaws. 

2. 1 csts using killed T. palhdium: a Treponema 
pallidum agglutination (TPA) lest: This employs 
a suspension of Nichol's strain inactivated by for- 
malin When the scrum and the antigen are incu- 
bated and examined under dark ground itluniina- 


tion, the treponemes are found agglutinated in 
the presence of antibodies. The test is not techni- 
cally difficult, but is not very specific and false 
positive reactions are common. • 1 

b. Treponema pallidum immune adherence 

( TPIA) test: T his utilises the immune adherence 
T TDn Rieckenbe rg) phenomenon that is used for 
the demonstration of antibodies in certain parasi- 
tic infection. If a suspension of treponemes is 
mixed with the test scrum, complement and fresh 
heparin ised whole blood from- a norma! indi- 
vidual and incubated, "the treponemes will be 
found to adhere to the erythrocytes in the presence 
of antibodies. They will then be phagocytosedby 
leucocytes and will disappear. In the absence of 
antibodies, immune adherence will not occur. 
This test has not been widely employed as orgi- 
nally described, but a simplified from has been 
introduced recently. , 1 1 

c. Fluorescent treponemal antibody (FTA)test 
This is an indirect immuno fluorescence test using 
as a ntigen, smears prepared with Nichol’s strain 
of T. pallid um. Slides with smears can be stored* 
in the deep freeze for several months. The 
patient’s se rum (d i luted appropriately) is allowed 
to react with the smear. The excess serum is then 
washed off and the smear treated with antihuman 
immunoglobulin fluorescent conjugate. After 
incubation and washing off the unfixed conju- 
gate, the slide is examined under the ultraviolet 
microscope. The treponemes will be seen as 
fluorescent objects if the test is reactive . 

As originally performed, the serum wnsuseaYir 
a dilution of 1 in 5 and at this dilution there were 
false positive reactions. This was therefore modi- 
.fied by using the serum at a dilution of l in 200. In 
this test, called FTA 200, false positive reactions 
were largely, but not completely, eliminated. A 
further modification of the test is the FTA-ABS 
test. Hete the scrum is fust absorbed with an 
extract of Reiter treponemes (sorbent), which 
removes tcagin and the group reactive antibody. 
The ITA-ABS lest has been found to be almost 
as specific as the more complicated TPI test. 
Another modification, the IgM FTA-ABS test^ 
selectively identifies IgM antibodies. This helps 
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to diagnose congenital syphilis and distinguish it 
from seropositivitv due to passively transferred 
maternal antibodies (syphilotoxaemia). 

3. Test using T. pallidum extract: The Trepo- 
nema pallidum baemagglutination (TPHA) test 
developed by Rathlev ( 1967) employs as antigen 
tanned erythrocyt es sensitised wi t h an extract 'o f* 
T. pallidum obtained bv freeze thawing . Cross 
reacting an tibodies are absor bed 'f rom the' sera 
before testing . A microtechni qu e (MHA-TP) 
suitable fo r automation is wi dely used. This test 
combines a high degree of sensitivity and specifi- 
city. 

In some cases of n eurosyphi lis, r eagin antibod ies 
may be absent in serum, but may E Tdemonst ra- 
bl e in the C SF. This is due to local production of 
antibodies in the nervous system. When a diag- 
nosis of neurosyphilis is suspected, it is therefore 
important toexamine the CSF for antibodies. 

Interpretation of serological tests for syphilis 
Reagin antibodies appear in the serum only about 
four weeks after infection, so that they may not 
sometimes be demonstrable in the primary stage 
of the disease. Tests for reagin are reactive only 
in 5 0-70 per cent of patients with primary 
c hancre. Thereafter, antibodies increase in titre, 
reaching ma ximum levels in the sccondary^tagc, 
when all standard tests for syphilis are invariably 
reactive in high titre. During the next several 
>ears, the titre declines gradually and in the late 
stages of syphilis, tests for reagin may become 
nonreactive. The evolution' of the group tre- 
ponemal antibody detected by RPCF, generally 
parallels reagin. I%A-ABS test becomes reactive 
earlier than reagin tests. The specific antibody, 
detected by TP1 tes t appears later so that the test 
is usually n onreactive in primary syphili s, and 
sometimes even in e arly secondary syphilis. 
But thereafter^ the antibodies remain, per- 
haps for the rest of t he patients’ l ifetime (Table 
42.2). 

The results of serological tests arc influenced 
by specific treatment. If adequate treatment is 
given • immediately after the primary fesion 
appears, the patient may never develop demon- 


TABLE 42.2 

Frequency of reactive serological tests in untreated 
syphilis (percentage) 


Stage 

VDRL 

FTA-ABS 

TPHA 

Primary 

70 

85 

55 

Secondary 

100 

100 

100 

Latent or late 

70 

98 

98 


strable antibodies and all serological tests will be 
nonrcactive. If treatment is given in the secon- 
dary stage, reagin tests which would have become 
reactive by then, become nonreactive within 2-6 
months. If treatment is delayed, serological tests 
take longer to become nonreactive. and in late 
syphilis, they may continue to be reactive even 
after complete treatment. The TPI lest may not 
become negative after treatment, except in early 
stages. Hence, for the assessment of cure follow- 
ing treatment, reagin tests are more useful than 
the TPI test. 

In the serological diagnosis of congenital 
syphilis, it is necessary to distinguish'between 
maternal antibodies passively transferred across 
the placenta and the antibodies produced as a 
result of active fetal infection. In the former, 
repeated tests will show a fall in titre, whereas in 
the latter, the titre will increase or remain statio- 
nary. Demonstration of IgM antibody in the new- 
born is also indicative of active infection, as IgM 
does not normally cross the placenta. 

The standard tests for reagin antibody are 
employed for the routine diagnosis of syphilis. 
Because of its simplicity, the VDRL test is used 
most often. It is desirable to perform a ‘battery' 
of tests rather than a single test, as biological false 
positive reactions often give aberrant results in 
different tests. The FTA-ABS and TPHA tests 
are not technically complicated, and have found 
wide application because of their relative 
specificity. The more demanding TPI test is done 
only in reference laboratories and is now seldom 
employed for diagnosis. 

Attempts have been made to develop diagnos- 
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tic skin tests using treponemal extracts as ami 
gens. These have not been found useful as hyper- 
sensitivity develops irregularly and late in the dis- 
ease. 

Epidemiology. Venereal syphilis is worldwide in 
distribution. During the five centuries that it has 
been recorded and studied, the disease has 
undergone much variation in us natural history 
and clinical features As originally described, it 
was a highly virulent disease with florid cutane- 
ous manifestations. With the discovery of the 
dramatic therapeutic response to penicillin, it 
was hoped that it may even be possible to eradi- 
cate syphilis, as the disease has no extra human 
reservoir. However, not only has it not been 
possible to eliminate the disease, but there has 
occurred even an increase in its incidence, due 
to the changing customs, habits and values in 
society. 

Immunity: The immune mechanisms in syphilis 
arc not well understood A patient is said to be 
refractory to reinfection so long as the original 
infection persists (p remunitio n or infection- 
immunity ). He is susceptible to reinfection after 
his first infection has been cured during the early 
stages. This accounted for the so called ‘pingpong 
syphilis' described in sailors who used to acquire 
the infection ashore, and get treated aboard, only 
to get infected again at the next port. 

Patients develop humoral antibodies, IgM, 
lg£) and IgA, following infection, at about the 
time the primary chancre appears. The 
antibodies increase in litre during the next sev- 
eral months. However, even high litres of 
humoral antibodies do not influence the natural 
progression of the infection. It has. therefore, 
been suggested that cei l mediated immunity m ay 
be m ore r el evant in the body' s defence again st 
th e trcponcm es During the c arTvs tagc of syphilis, 
there occurs anergy or i nhibition of c ell mediated 
immune resp onse a gainst treponemal antigens, 
as well as to some other antigens. Cell mediated 
immunity to treponemal antigens reappears after 
the secondary MagcLolsvphihs . ~ ' 


Prophylaxis: As transmission is by direct contact, 
it is possible to protect against syphilis by avoi- 
dane'e of sexual contact with an infected indi- 
vidual. When this is unavoidable, as in thecaseof 
sailors on shore 1 eave, the use of physical barriers 
(such as condoms), antiseptics (potassium per- 
manganate) ot antibiotics may minimise the risk. 
The use of prophylactic penicillin carries the 
danger that it may suppress the primary lesion 
without eliminating the infection so that recogni- 
tion and treatment of the disease may become 
more difficult. No vaccine is available. 

Treatment • Chemotherapy of syphilis has been of 
great interest. Mercurials, iodides, bismuth and 
arscnicals have been replaced by penicillin. 
Penicillin is uniformly effective in syphilis, but it 
is necessary to give an adequate dose and main- 
tain the drug level sufficiently long to establish 
cure A single injection of 2.4 million units of 
benzathine penicillin G is adequate in early eases 
For late syphilis, this amount may be repeated 
weekly for three weeks. In patients allergic to 
penicillin, erythromycin or tetracyline may be 
used. Chloramphenicol is not recommended 
Penicillin treatment in syphilis sometimes 
induces a reaction, the Jarisch-Herxheimer reac- 
tion consisting of fever, malaise and exacerbation 
of symptoms. It is frequent, but harmless, in 
primary and secondary syphilis. It is rare in Wte 
syphilis, but can be dangerous in some cases of 
gummatous, cardtovascularor ncurosyphilis. It'S 
believed to be due to the liberation of toxic pro- 
ducts from the massive destruction of tte- 
ponemes or due to hypersensit ivity. 

It has been reported that T. pallidum ma) 
sometimes survive in the brain and other tissues 
of patients clinically cured after adequate treat- 
ment with penicillin. The significance of such pet" 

sistent trcponcmes is not clear. 

NONVEVFKKALTREPOSE.M VTOSF-S 

Nonvencrcal treponemal diseases occur »« 
endemic foci in several parts of the world, in com- 
munities with poor standards of hygiene, The dts- 
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eases have been given different names in diffe- 
rent regions and vary somewhat in ciinicai mani- 
festations, but the treponemes responsible are 
virtually indistinguishable from T. pallidum . 
Infection is usually transmitted by direct body to 
body contact. It has been suggested that endemic 
treponcmatoses represent the ancient patterns of 
association between man and treponemes When 
civilisation and the general use of clothing limited 
the chances of bodily contact among persons, the 
treponemes may have become adapted for trans- 
mission through sexual intercourse, resulting in 
venereal syphilis. 

Three distinct form? of endemic treponcma- 
toscs arc recognised — endemic syphilis, yaws 
andpinta. 


Endemic syphilis 


Syphilis, transmitted nonvenercally, was 
endemicin several foci. With recognition of such 
foci and mass treatment with penicillin under 
WHO /auspices, endemic syphilis has become 
very fare. Under the name of sibbens, it was pre- 
sent in Scotland in the last century. It is known as 
bejel in the Middle Hast, njovera in Zimbabwe, 
dichuchwa in Bechuanaland, skerljevo m Eastern 
Europe and sitt in Gambia It has also been 
reported from India. 

The disease is common in young children 
P rimary chancre is not usually, see n, except some- 
times on the nipples of mothers infected by their 
children. The disease is usually seen with man- 
ifestations of secondary syphilis, such as mucous 
patches and .skin eruptions. The disease progres- 
ses to tertiary lesions, particularly gummatous 
lesions. Cardiovascular and neurological involve- 
ment is rare. Congenital syphilis also is not 
found. ' 

The laboratory diagnosis and treatment are as 
for venereal syphilis. . 

Yaws g V 


Yaws, also known as framboesia, pian, parangi 
and by many other synonyms, is endemic in the 


tropica! areas of Africa, Asia and America. Yaws 
eradication campaign by mass penicillin injec- 
tions in endemic areas, organised in the 1980’s led 
to the virtual eradication of the disease. But it has 
subsequently reappeared in some areas. In India 
cases have been identified in Andhra Pradesh, 
Orissa and Madhya Pradesh. The causative agent 
is T- pertenue, which is morphologically and anti- 
genically indistinguishable from T. pallidum. The 
primary lesion (mother yaw) is an extragenita! 
papule which enlarges and breaks down to form 
an ulcerating granuloma. As in syphilis, secon- 
dary and tertiary manifestations follow, but car- 
diovascular or neurological involvement is rare. 
Destructive gummatous lesions of the bones are 
common. 

Infection is by direct contact. Flies may act as 
mechanical vectors. The small fly, Hippolates 
pallippes, has been found feeding on open sores, 
but its epidemiological importance is not known. 

Laboratory diagnosis and treatment are as for 
syphilis. There appears to be some cross immu- 
nity between yaws and syphilis in that venereal 
syphilis is rare in communities where yaws in 
endemic. 

Pinla " 

Pinta (carate, mal del pinto) is endemic in Central 
and South America and the neighbourmgislands. 
The primary lesion is an extragenital papule, 
which does not ulcerate, but develops into a 
lichenoid or psoriaform patch. Secondary skin 
lesions are characterised by hyperpigmentation 
or hypopigmentation. 

The causative agent is T. carateum (also called 
7* herrejoni). It is very closely related to 
T. pallidum, but is not antigenically identical so 
that cross immunity between pinta and syphilis is 
only partial. 

Nonpathogenic treponemes 

Several commensal treponemes occur on the buc- 
cal and genital mucosa and may cause confusion 
in the diagnosis of syphilis by dark field examina- 
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lion. These include T. microilentium and T. mac- 
rodeniium . found in Ihc mouth. The former 
resembles T. pallidum closely, but is shorter 
(3-6 m) with shallower coils. The latter is larger, 
thicker and more actively motile with irregular 
coils. 

T. reftingem was observed by Schaudinn and 
Hoff. i man n when they first discovered T- pal- 
lidum. It was found in syphilitic as well as non- 
syphilitic genital lesions. It has been described as 


having a wavy middle part, but more regularly 
and deeply curved extremities, terminating in 
pointed ends. T. calligyrum (T. gracile) which 
also may be found in genitalia is thicker and has 
shallower spirals. 

fn experimental work on T. pallidum infection 
in rabbits, it is important to keep in mind a 
natural venereal infection in rabbits caused by 
T. cuniculi, which is morphologically identical 
•with T. pnf/i'cfiim. 
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Mycoplasma 


The causative agent of bovine pleuropneumonia, 
first isolated by Nocard and Roux (1898), was 
found to be a filterable and highly pleomorphic 
microorganism, varying in shape from spherical 
or ovoid bodies to branching filaments resembl- 
ing fungal mycelia. Another such organism was 
isolated from contagious agalactia of sheep. Sub- 
sequently, several such morphologically similar 
organisms were isolated from animals and mgn. 
as well as from soil and sewage. Because of their 
resemblance to the organism causing pleuro- 
pneumonia, they were called ‘pleuropneiimonia- 
like organisms’ or PPLO. This unsatisfactory 
term has been replaced by the name Myco- 


plasma, which refers to the fungus-like form of 
the branching filaments. 

The plasticity of mycoplasma is due to the 
absence in them of a rigid cell wall. Such micro- 
organisms devoid of a cell wall or cell wall precur- 
sors. such as muramic acid and diaminopimehc 
acid, and bound by a single triple layered mem- 
brane have been placed in the class Mollicu tes 
(literally meaning ‘soft skin’), order Mvcoplas- 
matales. Parasitic mycogjasmas, .requiring 
cHolesterol_or.otheiLSlexols. as ah essential growth 
factor, belong to the FamtiyJriyCQplasinataceae. 
This contains two genera, the Genus Myco- 
plasma which u tilises glucose or arginin e, but does 


TABLE 43.1 

Mycoplasmas of humans 


A. Paraslilic; 

1. Frequently pathogenic 

Mycoplasma pneumonia causes pneumonia, tracheo-bronchitis; associated with 
arthritis 

II Occasionally pathogenic 

M. honnnis associated with postp artum f ever, salp ingit is, end ometri tis, abortion, ste rility; , sep- 
ticaemia, abscesses, arthritis, urethritis. 

Ureaplasma urealyticum, associated with nongonococcal urethritis, pelvic inflammation, sep- 
ticaemia, arthritis 
III. Nonpathogenic 

M. orate. M. s alts arium , M. b accate . St. faucium found in oropharynx: St. fermentans, St. primatum 
found in genital tract. 

B, Saprophytic: 

. Acholeplasma laidlavm, may be found on.skin and in mouth. 
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not hydrol yse ur ea, and the Genus UreapJosma 
winch hidtolyTeS-iuea. Saprophytic mycoplas- 
mas found in sewage and soil do not require 
sterols {or growth and are placed in the Family 
Acholeplasmataceae, Genus Acholeplasma. A 
third Family Spiroplasmataceae contains helical 
shaped spiroplasmas which are arthropod borne 
pathogens of plants. Mycoplasmas may be sap- 
rophytic, parasitic or pathogenic. More than 60 
species of mycoplasma are known to cause dis- 
ease in a variety of mammalian, insect and plant 
hosts. Some ten species belonging to three genera 
may be found in humans (Table 43.1). 

Morphology: Mycoplasmas are the smallest free 
living microorganisms, and one of the most 
ple omorph ic (Fig. 43.1). They occur as granules 
and hlaments of various sires. The granules may 
be minute ‘el ementary bodie s* about 125-250 nm 
in diameter or larger forms about 500-1000 nm in 
size, with balloon, disc, ring or star shape. The 
filaments are slender, of varying lengths and 
show t rue branchin g. Some strains are cocco- 
bacillary. The method of r eproduction is not fully 
understood, but appears to be 1) by the develop- 
ment within the filaments of elementary-bodies 
and their subsequent release by fragmentation 
and disintegration of the filaments. 2) bv hTnar v 
fission, and 3) by budding. No spores-or flagella 


are seen. They are generally nonmotile, though a 
gliding motility has been described in some 
species. 

The characteristic feature is the complete 
absence of cell wall and its components. Due to 
their plastic form and the small size of the 
minimum reproductive particle, they’a're f\ lfera-_ 
ble and therefore have often been mistaken for 
viruses. The mycoplasma cell is surrounded by a 
single tripIe layered-membranejivhichJs-rich ia 
cho lesterol and other lipid s. Some species have a 
‘foottllke* appendage on the membrane by means 
of which they get attached to suitable animal cells 
carrying neuraminic acid receptors . They are also 
believed to be responsible forifie h aemadsor p- 
tion shown by some species of mycoplasma. 

Mycoplasmas are Gram negativ e, but are bet- 
ter stained by Gicmsa stai ns* 

Cultivation: Mycoplasmas may be cultivated in 
fluid or solid media. They are generally faculta- 
tive Anaerobes, growth being better aejjabically. 
They grow within a temperature range of 22"- 
41°C, the parasitic species growing optimally at 
35° r V°C and the sap rophy tes at loweLtempera- 
lure. Media for cultivating mycoplasma' ate 
enriched with 2 Q_per cent horse or human serum 
a nd yeast extra ct. P enicillin and t hallium acetat e 
are added as selective agents. The high concent- 



tig 4M Morphology of Mycoplasma — extreme plcomorphisms wiih 
hr.im.hed. filamentous, headed and swollen forrtis 
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ration of serum is necessary as a source of cnoles- have been employed for detection of antibodies 
terol and other lipids. Colonies appear afterincu- in sera and for identification of isolates. A par- 
batiorv for 2-3 days and are on an average about ticularly useful technique for identification of iso- 
10-600 p. in size. The colony is typically biphasic, lates is the e rowth inhibition test based on the 
with a ‘ fried egg’ appearance . consisting of a cent- ability of antisera to specifically inhibit the 
ral o paque granula r area of growth ext ending growth of the homologous species on solid 
into th e depth of the medium, surrounded hv a media, 
flat, translucent peripheral zone (Fig. 43.2) Col- 
onies may be seen with a hand lens, but are best Mycoplasmas and L forms of bacteria: Kleine- 
studied after staining by Qienesmi-ihp H For this, berger (1935) found pleuropneumonia-like forms 
a block of agar containing the colony is cut and in a culture of S trcptobactllus inonj jifawtis and 
placed on a slide. It is covered with a cover slip termed them Lforms, after Lister Institute, Lon- 
on which has been dried an alcoholic solution of don, where the observation ivas made Itwassub- 
methylene blue and azure. sequently show n that many bacteria, either spon- 

Colonies cannot be picked with platinum taneously or induced by certain substances like 
loops. Subculture is done by cutting out an agar penicillin, lost part or all of their cell wall and 


block with colonies and rubbing it qn fresh plates 
Most mycoplasma colonies are haemolytic. 

Biochemical reactions- Mycoplasmas are chemo- 
organotroph s, the metabolism being mainly fer- 
mentative. Most species utilise glucose or 
arginine as the major sources of energy. Urea is 
not hydrolysed, except by ureaplasmas They are 
generally not proteolyti c. 

Resistance * Mycoplasmas generally resemble 
nonsporing bacteria in heal resistance, but some 
strains are more sensitive, being destroyed at 
45®C in 15 minutes They are relatively resistant 


develop into L forms Such L forms may be ‘unsta- 
ble*, when they revert to their normal morpho- 
logy. or ‘stable’, when they continue in the cell 
wall deficient state permanently. Cell wall defi- 
cient forms (L forms, protoplasts, spheroplastsj 
may not init iate disease, but may be important in 
ba cterial persista nce during antibiotic therapy 
and subsequent recurrence of the infection 
It has been suggested that mycoplasmas may 
represent s table L forms of bacteria . The latter 
may also produce ‘f ried egg* colonies-like myc o- 
plasma, but they differ in a number of respects. 
L forms r esemble the parent bacteria biochemi- 
cally and antigenically ; they are not filterable, the 


to lysis by osmotic shock but are very sensitive to 
lys is by surface active agents and lipolytic agents 
such as laurochoiate and dig itoni n. They are 
resistant lo~ penicillin and cephalosporin as 


well as to lysozyme that acton bacteria! ceil walls, 
but are s ensitive to tetracyclin e and many other 
antibiotics." Susceptibility to er ythromy cin and 
some other macrolide antibiotics is useful for 


species differentiation. Growth is inhibited by 


organic gold sal ts. Af. pneumoniae can grow in 
the presence of 0.002 per cent methylene blue in 
agar, while many other species are inhibited. 



Antigenic pioperties: Serological tests such as I , _ I 

complement fixation, agglutination, passive 

haemagglutination and immunofluorescence r«. 43 2 T„ej c„ e - „i , n ,c« r .™a ..l.o 
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minimum reproductive unit being about 600 nm; 
though L forms lack cell walls, the cell wall com- 
ponents may be demonstrated. S terols are not 
require d for the grow th of L forms; they arc non- 
pathogeni c and they show nucleic acid homology 
and have the same base ratios as the parent bac- 
teria. 

As agglutinins to Streptococcus MG are fre- 
quently developed following infection with 
M. pneumoniae, it has been suggested that the 
latter is an L form of the former, but all available 
evidence is against this hypothesis. 

Ureaplasma ureal) ticunt. Some strains of myco- 
plasma frequently isolated from the urogenital 
tract of man and animals form very tiny colonies, 
generally 15-25/t in size. They were called 
T strain or T form mycoplasmas (T for liny). 
They arc peculiar in t heir ability to hvdrolvs c 
^ urea, which is an essential growth factor in ad di- 
"t ion to cholesterol . Human T strain mycoplasmas 
are now classified as Ureaplasma urealyucum 

are more susceptible to t hallium acetate than other 
mycoplasmas. They have been proposed as the 
causative agents in nongonococcal urclhiritis and 
Reiter’s syndrome, but their actiologicai role is 
not proven 

Pathogenicity: Mycoplasma can cause two diseases 
m man — pn eumon ia and genit al infec tions. 
Mycoplasmal pneumonia (primary atypical 
pneumonia) is caused by M. pneumoniae. The dis- 
ease has an incubation period ol 1-3 weeks. The 
onset is gradual, with fever, malais£headache 
and sore throat. Paroxysmal cough may occur 
with blood tinged sputum. The disease is charac- 
terised by p aucity of respiratory signs on p hysical 
examinatio n, but marked radiological evidence 
of c onsolidation , which is usually unilateral, 
involving the lo wer l obe, and starting at the 
hilum. and fanning out to the periphery. The dis- 
ease is self-limited, recovery occurring in 1 -2 week s. 
,/Bull ous myringit is and otitis are common compli- 
cations Rashes, m ening itis, e ncephalit is and 
haemolytic anaemia are other complications seen . 


The disease is worldwide and is found com- 
monly in ol der children and adolescen ts. It is 
common among military recruits. Transmission is 
by droplets of nasopharyngeal secretions. The 
mycoplasma may remain in the throat for two or 
more months after recovery from the disease. 

Eaton (1944) was the first to isolate the causa- 
tive agent of the disease in hamsters and cotton 
rats. He was able to transmit the infection later to 
chick embryos by amniotic inoculation. Because 
it was filterable, it was considered to be a virus 
( Eaton agent) . It was subsequently shown tobea 
mycoplasma and was named M. pneumoniae. 

Laboratory diagnosis of primary atypical 
pneumonia may be established either by isolation 
of the mycoplasma or by serological methods 
For isolation, throat swabs or respiratory secre- 
tions are inoculared into the mycoplasma 
medium containing glucose and phenol red. 
Growth is slow on primary isolation and may take 
5-10 days. Growth is indicated by acid produc- 
tion in the^ medi um. M. pneumoniae produces 
beta haemolysis and agglutinates guinea pig eryth- 
rocytes, Colonics on agar adsorb erythrocytes The 
haemadsorption is enzymatic and occurs optimally 
at 37 6 C. The cell receptors are destroyed by 
neuraminidase. inhibits riViarv motility in ham - 
ster trachea organ cultur es. M. pneumoniae is 
unrelated to other human mycoplasmas and maybe 
identified by g rowth inhibition by specific antisera. 

S erolog ical diagnosis may be made by specific 
tests using mycoplasmal antigens or by 
nonspecific methods. Among the former, immu- 
nofluorescence, haemagglutination inhibition 
and metabolic inhibition are the most sensitive 
tests. Complement fixation and indirect 
haemagglutination tests are less sensitive. 

The nonspecific serological tests are Strep- 
tococcus MG and cold agglutination tests. The 
former is done by mixing serial dilutions of 
unheated patient’s serum and a heat killed sus- 
pension of Streptococcus MGf and observing 
agglutination after overnight incubation at 37°C. 
A litre of 1:20 or over is considered suggestive. 

The cofcTagglutinalion test is based on the 
appearance in a high proportion of cases with 
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primary atypical pneumonia, of macroglobulin 
antibodies that ag glutinate human group O c ells 
at low temperature. The patient’s blood sample 
should not be refrigerated before separation of 
the serum , as the 3gglutinins are readily absorbed 
by the homologous erythrocytes at low tempera- 
tures. For the test, serial dilutions of the patient's 
serum tire mixed with an equal volume of a 0.2% 
washed hum an Ogro upcrythrocytes. and clump- 
ing observed after leaving at 4°C overnight. The 
clumping is dissociated at 37 e C. A litre of or 
over is suggestive, but demonstration of rise in 
titre in paired serum samples is more reliable 
The indirect Coo mbs test may also be positive in 
some fuses! 

Genital infections are caused by M. hominis 
and U, ureal) ticittn They are transmitted by sex- 
ual contact. They may cause ureUmtis, proctitis, 
balanoposthitis and Reit er's sy ndrome in males, 
and acute salpin gitis, pelvic inflammatory dis- 
ease, cervicitis and vaginitis in females. They 


have also been associated with infertility, abor- 
tion, postpartum fever, chorioamnionitisandjow 
birth weigh t of in fan ts . 

Mycoplasma as cell culture contaminants: Con- 
tinuous cell cultures maintained in many 
laboratories have been found to be contaminated 
with different species of mycoplasma. The con- 
tamination may originate f rom the work er or 
f rom animal ser a or trypsin used in cell culture. 
Contamination generally does not produce 
cytopathic effects but may interfere with the 
growth of viruses fn such cell cultures and may 
also prqduce misleading results in serological 
tests. Mycoplasmas growing in cell cultures have 
often been mistaken for viruses. Eradication 6f 
mycoplasmas from infected cells is difficult. \ 

Treatment: T etracycline and erythromyci n a re 
the drugs of choice for treatment of mycoplasmal 
infections. 
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Actinomycetes 


Actinomycetes are traditionally considered to be 
transitional forms between bacteria and fungi 
Li ke fungi, they form a mycelial network of 
branchin g filam ents, but like bacteria, they arc 
thin, p ossesse d! wal ls contai ning muramic.ac id. 
have prokaryotic nuclei and are susceptib le to 
antiba cterial antibiotics. They are, therefore, 
true bacteria, bearing a superficial resemblance 
to fungi. Actinomycetes are related to mycob ac- 
t eria and corynebacten a. They are G ram pos itiye. 
nomnptilc. nonsgoring, noncgpsulatecUj laments 
that break up ipto b acilla ry and c occoid ele- 
ments Most arc free livtng, particularly in the 
soil. 

The classification of acnnom>cetcs is not 
finally settled Actinomycetes contain two medi- 
cally important genera. Actinomyces and Nocar- 
(ha The genus Streptomyces also contains a few 
pathogenic species, but jts medical importance 
lies in the production of antibiotics by several 
species. Acitnomyccs jrc anaero bic or mic - 
r oaeroph ilic and no nacid _f ast. Nocardia are 
a erobic and maybe and fast. 


actinomyccte, which was known as A. homtnis 
(A. granu'nis). 

Actinomycosis in cattle is caused mainly, by 
A bovis and in man by A. israelii. A, eriksonn has 
been isolated from pulmonar y -act inomycosis. 
A. naeslundii is normally a mouth commensal, 
but may occasionally cause human infection. 

Actinomycosis 

The disease is a c hronic granulomatou s infection 
occurring in man and animals. It is characterised 
by the development of indurated swellings, mainly 
in the connective tissue, suppuration and the dis- 
charge of • sulphur grannies'. The lesion often 
points towards the skin, .lending toT B ^Jiip lg 

sinuses,. Actinomycosis in man_occurs.‘, 

main clinical form s: V^Tc e i yicofacTaL- with indy 
rated lesions on the c hqek a nd s uhmaxillar y reg- 
ions; 2) thoracic, with lesiohs in the l ung that may 
mvohe the pleura and p ericardi um and spread 
outwards through the chest wall, and 3) abdomj; 
jiaJ. where the lesion is usually^ around _thc 
-A-c accum . with involvement of the neighbouring 
Actinomyces tissues and the abdominal wall. Sometimes the 

infection spreads to the liver via the portal y em. 

Bollinger (1877) found a mould-like organism in Many caves of pelvic actinomycosis have been 
the lesions of ‘lu mpy jaw ’ ( Act inomyco sis) in cat- reported ItT association with the "use, of 
tic. The name actmomyccs was coined by Harz to if-intraiiterine device s. Actinomyces have_t>cen 
refer to the r ayjtkg. appea rance of the organism ^incriminated in inflammatory diseases of tKd 
in the granules that characterise the lesions, (ac- gums (gingivitis and periodontitis) and with sub- 
imomyces, meaning r av fung us). Wolff and Israel lingual plagues leading to root surface caries. 
(1891) isolated the organism from pathological. Actinomycpsis may also present as mvceiflma. 
material under anaerobic conditions Bostroem' 

(1891) isolated from similar lesions an aerobic Laboratory diagnosis • The diagnosis is made by 
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demonstrating actinomycctcs in the lesion by 
mtcroscopyjinci -by isolating it in culture. The 
specimen to be collected is pu s. I n pulmonary rife , 
ease, the sp utum is collect ed. ‘Sul phur granu les* 
may be demonstrated in pus by shaking it up in a 
test tube with some saline On standing, the 
granules sediment and may be withdrawn with a 
capillary' pipette. Granules may also be obtained 
by apply ing gauze pads over discharging sinuses 

is size from minute specks to about 5 mm. They 
arc examined microscopically under a coverslip. 
They are crushed between slides and stained b> 
Gram stain ami examined The granules are. m 
fact, bacterial colonics and will be found to con- 
sist of a dense network of thin Gram positive fila- 
ments, s urrounded bv a peripheral zone o f swol- 
le n radiating club shaped structures, presenting a 
^tm- w-annear.jnc e. The 'clubs' are suggested 10 
be anti gen-anti body complexes. 

Sulphur granules or pus containing ‘Actinomy- 
cetes’ are washed and inoculated into thioglycol- 
late liquid medium or streaked on brain heart 
infusion agar and incubated anaerobically at 
37'C. I n tjukglvmlbt e A. bov is produces general 
turbidity whereas A. israelii _ grows as fluffy balls 
at the bottom of the tube. On solid metfo 



Hg 44 1 Sulphur granule Section of tissue showing an *tu- 
nomycotic colony, the club at the penphery giving a *s«n 
ray' appearance 


A. israelii produces small ‘spidery colonie s* in 
48-72 hours that becomcs~ heaped,up , vvhite,and 
irregular, or smoother, larger colonies in 10 days. 
Other species have different types of colonies. 

The isolate is identified by microscopy, bio- 
chemical reactions and fluorescent antibody 
methods. Gel diffusion and immunofluorescence 
can differentiate A. israelii from other actinomy- 
cete species and from other filamentous anaerobes 
that may produce granules in tissues. 

Epidemiology . Actinomycosis in, man is an_ 
e ndogenous infection . The bacillus is normally 
present in the mouth as a c ommens al. Trauma or 
poor oral hygiene may predisposcTo tissue inva- 
sion. 

The disease occurs throughout the world, but 
its incidence in the advanced countries has been 
declining in the last few' decades, probably as a 
result of the widespread use of antibiotics. 
A gtinotnycosis is more common in rural are as 
and in agncultur ai worke rs. Young males ( l(k-30 
ycariTbldJ are most commonhTaUected. The 
reason for this predisposition is not known 
About 60 per cent of cases are ce rvicofacial and 
som e ZD per cent a bdominal. 

In actinomycotic lesions, a small Gram nega- 
tive aerobic bacillus, A fii/iohncifltt s a ennomy - 
cc temcomitans is usually found, sometimes in 
very large numbers. It may have a s ymbiotic ro le 
in pathogenesis. 

Treatment. Most cases respond to medical treat- 
ment with st reptomyc in, cotnmoxazole, pyrime- 
thamine and ntarripicin. Treatment may have to 
be prolonged for several months. Surgery may 
become necessary if medical treatment fails. 

Nocardia 

Nocardia resemble Actinomyces morphologically 
but are a erobic. All species are Gram positive 
and some ,“N. aster oides and N.Jhrasiliensis ,. also 
acid fas t. These may cause respiratory' disease 
and appear in the s putum, where they may be 
mistaken for tubercle Bacilli. Smears show 
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branching filaments which may fragment to form i nvolvemen t of the subcutane ous and d eeper ti s- 
bacillary or coccoid elements. sues, affecting commonly the foot and less often 

Nocard ta species arc frequently found in soil the hand and other p arts, and presenting a s a 
ancTmfection may be e xogenous . Nocardiosis tumour with multiple dischar ging simisps- This 
may begin as a pulmonary infection that may be clinical syndrome was first described from Mad- 
subclinical or produce pneumonia. The localised ura bv Gil l (1842) and came to be known as 
lesion may remain chronic as an enlarging-B kladuramyco sis. Mycetomas are usually caused 
abscess, sinus tract' or cavit y. There is a tendenc y by fungi, Mit may be caused by bacteria as well.' 
to brain abscesses as a result of haematogenous Even Staph, aureus and other pyogenic bacteria 
'spread. Lesions may”tlevelop m the Money may occasionally cause a mycetoma-like lesion 
"I mmunodeficiency makes person s prone to & {botryomvcou s). Bacterial mycetomas are usu- 
nocardiosis. N. maduroe which isjionacid fast ally caused - by act inomyce tes — Actinomyces 
caus es m ycetoma. ~ v* “ (A. israelii, A. bovis), Nocardta (N. asteroides, 

'"Diagnosis is by demonstration of branching N. brasiliensis, N. caviae, N. madurae), Strep- 
filaments microscopically and by isolation in cul- tomyces (S. pelletierii, S. somaliensis). , 

ture Nocardia grow readily on ordinary media Aetiological diagnosis of mycetomas is impor- 
forming dry, gr anular , wrinkled colonics yvhich tant in choosing appropriate treatment. Thecol- 


producc pigment ranging from y ellow to red . 
Nocardia are sensitive to sul nhonamid es a 


our of the granules gives -some indicat ion fn 
actinomycotic mycetoma, the granules a^whitc 


nalidixic acid which hay e been used in treatment, t o yel low, yvhile in mycotic mycetomas, the 
Chemotherapy has not in general been very sue- granule s are generally black.JE xamination of 
cessful. crushed smears of the granules helps to differcn- 

tiate actinomycotic from mycotic mycetom as. In 
, \c)lQ(imycotic_ mycetom a the form er the blaments are thinj about Mywhik 

in the l atter they are stout (about *P5p). Isolation 

Mycetoma is a localised, chronic, granulomato us of the agent in culture establishes the diagnosis. 


Further Reading 

Brunner, M and Bronncr.M 1971 AdtnomycosU, 2nd Edit Bristol John Wright 

Goodfcllow, M Brownell. G H, and Serrano. J A cds 1976 The Biology of the Nocardia, London Academic Press 
Kump.PV elal 1970 Nocardiosis - a review Mycopdihologica et M) cotogia Apphcata. 40 J93 
Prauscr.il ed 1970 ThrAcunomyeetales Jena Gustav Fischer 

Sykes, G and Skinner, FA eds 1973 Acnnomyceiates characteristics and practical importance. Sot. Appt Bad Syf’pos 
Scr No 2 London Academic Press. 

Weese.W C and Smith. I M 1975 Sludy of 57 eases of acnnomycosH over a 36 year period Arch Int Med 135 1562 





45 


Miscellaneous Bacteria 


LISTERIA MONOCYTOGENES 
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L isteria monocytogenes is a small, c occoid, Gram 
p ositive bacill us, with a tendency to occur in 
c hains . Rough forms may be seen as long fila- 

ments. It exhibits’ a characteristic, slow , tumbling 
motihtv when gro w n at 25 g C. b u t at 37°C ts non- 
motile. This is because pentrichous flagella are 
produced by the bacillus optimaliy at 2d J (J-30°C, 
but only scantily or not at all at 37 S C. It is aerobic 
or microaerophilic. Growth is improved when 
cultures are incubated at reduced oxygen tension 
and with 5-10 percent C0 2 . It grows on ordinary 
media within a temperature range o f4°C-42°C. 
Growth is improved by the addition of glucose, 
blood or liver extract. C olonies are haemotvtic on 
blood agar. It ferments glucose and salicin 
promptly producing acid without gas; lactose, 
maltose and sucrose are fermented slowly or not 
at all, and mannitol is not fermented. It is catalase 
positive. It is unusually resistant to heat, being 
killed only in an hour at 55°C. It grows in the pre- 
sence- of 0.1% potassium teflurite, 10% salt and 
at pH 9.6. At least four main serotypes are distin- 
guishable by H and O antigens. 

L. monocytogenes is widely distributed in 
nature. It has been isolated from a wide range of 
mammals, birds, fish, ticks and Crustacea. Jr 
occurs as a saprophyte in soil, water and sew a*ge. 
Listeriosis Tifhumins may present in tnanyTorrns. 
It may cause m eningitis or meningoe ncephalitis, 
particularly in neonates and in persons over 40 
years. Infection of pregnant women may lead to 
abortiorLQiilillimth. Asymptomatic infection of 
the female genital tract may cause infertility. Lis^" 


\V 

^ Cr& c *} c 

teriosis may also present as abscesses, con- 
junctivitis, pharyngitis, urethritis, pneumonia, 
in fectious mononucleosis-like syndrom e, endo- 
carditis or septicaemia. 

Most hu man infections are caused by serotypes 
rib and Experimental inoculation in rabbits 

fe uses a marked monocytosis thence the nam e 

monocytogenes). Monocytosis is a feature of 
human listeriosis ajso. Instillation into the eyes of 
rabbits produces a k eratoconiunctivit ts (Anton 4f~ 
testV Human infection is believed to result from 
contact with infected animals, inhalation of con- 
taminated dust or ingestion of contaminated 
milk. 

Laboratory diagnosis is established by the iso- 
lation of the bacillus from appropriate clinical 
material such as cervical and vaginal secretions, 
lochia, meconium, cord blood, blood and cere- 
brospinal fluid. Greater success in isolation isi 
achieved if the materials jre stored in glucose j 
broth at 4°C and s 


intervals tor 1-6 months. Listgriosis in man_js 
bei ng )n creasingIy-iepbrted. Jsolates are likely to 
be missed as nonpathogenic diphtheroids unless 
properly investigated. Ampicillin is said to be the 
most effective antibiotic b oth in vitro and in 
vivo. Penicillin, erythromycin, tetracycline and 
sviphadiazine all inhibit the growth of the orga-_ 
nism. 


ERYS1PELOTHRIX RIK/SIOPATJ«AE 


Erysipelothrix rhnsiopathiae is a slender, non- 
motile, nonsporing, noncapsulated’ Gram posi- 
tive rod, with a tendency towards formation oT 
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long filaments. It is microaerophihc on primary 
isolation, but on subculture, grows as an aerobe 
or facultative anaerobe. It grows on ordinary 
media. Growth is improved by addition of glu- 
cose. Heart infusion agar with rabbit blood and 
5% CO 2 is good for primary isolation. Black col- 
onics are developed in tellurite media. It fer- 
ments glucose and lactose, producing acid with- 
out gas; sucrose and mannitol are not fermented 
Different antigenic types have been recognised. 

£. rhtisiopathiae is a natural parasite of many 
animals. It causes swine erysipelas and human, 
erysip eloid- Human infection usually occurs on 
the hand of fingers of persons handling animals, 
fish or animal products The lesions are painful, 
oedematous and erythematous, usually involving 
the local lymph glands and joints. Occasional 
cases of endocarditis have been reported. The 
bacillus is sensitive to penicillin, erythromycin 
and broad spectrum antibiotics 

ALKALIGENES FAECALiS 

The name Bacterium faecahs alkahgenes was 
originally applied to an ill defined group of Gram 
negative bacilli isolated from human faeces, 
which did not ferment sugars, but produced an 
alkaline reaction in litmus milk. The term 
Alkahgenes faecahs now refers to Gram negative, 
short, nonsporing bacilli, which are strict aerobes 
and do not ferment sugars They are motile by 
means of peritrichous flagella. They are usually 
oxidase positive. Nitrate reduction is variable 
Aik. faecalis is a saprophyte found in water and 
soil contaminated with decaying organic matter 
They are also commensals in the intestines of 
man and animals They have been isolated from a 
variety of clinical specimens such as unne, pus 
and blood They have been considered responsi- 
ble for a typhoid-hke fever, urinary infections, 
infantile gastroenteritis and suppuration m vari- 
ous parts of the body 

CimOMOBACTFRIUM VIOLA CEUM 
Chromobacterium violaceum is a Gram negative. 


nonsporing bacillus,' motile by means of polar 
and lateral flagella. They are facultative anaero- 
bes growing on ordinary media and producing 1 
violet pigment soluble in ethanol and insoluble h 
water and chloroform. They are oxidase negi- 
tive. They are saprophytic in water and so3. 
Human infections have been recorded mainly in 
the 1 tropics and . consist of skin lesions wi'h 
pyaemia and multiple abscesses. 1 

1 

FLAVOBACTERtUM MENINCOSEPTICUM , 

Flavobacteritim meningosepticum is a . Gram 
negative nonmotile rod, producing a yellowish 
pigment. It is a ubiquitous saprophyte capableof 
causing opportunistic infections. It has been 
responsible for outbreaks of meningitis in new- 
born infants. Infection in adults leads to a mild 
febrile illness. 

DONOVANIA GRANULOMATIS 
( Calymmatobacterium granulomatis) 

Donovan (1905) described the ' presence of 
characteristic intracellular bodies in smears from 
ulcerated lesions of a disease now known as 
Donovanosis. He considered the bodies to be 
parasites Donovanosis is a venereal disease seen 
mainly in the tropics, in which slowly progressive 
ulceration of genitalia occurs. Donovan's 
intracellular bodies have since been identified as 
bacteria and have been named Donotania 
granulomatis. 

D. granulomatis is a pleomorphic rod with 
rounded ends and bipolar condensation of 

chromatin giving rise to a ‘safety pin' appearance. 

It is usually capsulated and can be stained by 
Wright’s stain, appearing as blue bacillary bodies 
surrounded by well defined pink capsules. It > s 
nonmotile and Gram negative. It can be grown 
on egg yolk medium and on a modified Levinthal 
agar. It is morphologically and antigenically simi- 
lar to klebsiellae. 

Pathogenicity is limited to man The disease 
develops after a variable incubation period rang- 
ing from a few days to three months. Intrademwl 


MISCELLANEOUS BACTERIA 


395 


inoculation of whole cultures or of an alkaline 
extract of cultures in patients produces a red 
oedematous reaction in 24 hours. Streptomycin 
and tetracyclines are useful in treatment. 

ACINETOBACTER 

(Mima potymorpha; Bacterium arutratum) 

De Bord (1939) proposed tbenameMimeaefora 
new tribe of bacteria made up of short Gram 
negative encapsulated pleomorphic rods. The 
name 'Mimeae' referred to their mimicking neis- 
seriae in appearing as Gram negative diplococci 
and causing urethritis and conjunctivitis. Two 
members of the tribe Mimeae — Mima poly- 
morp/ia and Bacterium antitratum have been fre- 
quently isolated from a large variety of clinical 
conditions. They have been responsible for 
meningitis, septicaemia and urinary, genital, 
respiratory and wound infections. 

These bacilli are aerobes and grow well on 
ordinary media. They do not reduce nitrates. A 
variety of names have been employed by diffe- 
rent investigators for these bacteria. According 
to the current classification, they are grouped 
under the genus Acinetobacter, which comprises 
two distinct species, Ac. anitratus (corresponding 
to Bact. anitrattim) and Ac. Iwoffi (corresponding 
to M. polymorpha). 

Ac. anitratus: These form pinkish colonies on 
MacConkey’s medium. Acid without gas is 
formed in glucose, arabmose, xylose, and 
occasionally in rhamnose. A characteristic re- 
action is the formation of acid in 10%, but not 
1% lactose. Several serotypes have been iden- 
tified by capsule swelling and immunofluore- 
scence. 

Ac. Iwoffi: This forms yellow colonies on Mac- 
Conkey's medium and does not acidify sugars. 
Some strains are oxidase positive. 

Acmetobacter species are opportunist patho- 
gens and are often found in hospital infections, 
particularly in iatrogenic meningitis. They are 
frequently present on the normal skin. All strains 


are resistant to penicillin, but most strains 'are 
sensitive to one or the other of the broad spec- 
trum antibiotics. > 

STREPTOBACILLUS MONILIFORMIS 

Streptobacillus moniliformis is a micro- 
aerophilic, pleomorphic. Gram negative bacillus 
that grows on ariifical media as tangled 
chains of rods or various lengths, with beaded or 
fusiform swellings. It develops readily into L 
forms. In fact, it was during the study of this 
bacillus that L forms were originally discove- 
red. 

Sir moniliformis is a natural parasite of 
rodents and produces one form of rat bite fever in 
man (the other variety being caused by Spirillum 
minus). The disease may be caused either by rat 
bite or by drinking milk contaminated with rat 
excreta. The latter variety of infection can occur 
as outbreaks and is known as Haverhill fever. 
Clinically, it is a persistent type of fever with 
polyarthritis and a petechial or morbiliform rash. 
The bacillus can be grown on media containing 
blood, serum or ascitic fluid, aerobically under 
increased CO 2 tension . 

SPIRILLACEAE 

The family spirillaceae consists of two genera 
Spirillum and Campylobacter, both of which con- 
tain organisms pathogenic to man. Spirillum 
minus is one of the causes of rat bite fever and is 
the sole human pathogen of the genus. Cam- 
pylobacter species may cause neonatal sep- 
ticaemia, severe diarrhoea, and a variety of other 
infections. The importance of this organism has 
only been recently recognised. 

Spirillaceae are rigid helically curved rods with 
a variable number of spirals. They are motile by 
means of flagella and move in a corkscrew fash- 
ion. Most of the organisms in the family are free 
living in fresh or salt water. Other are saprophytic 
or parasitic and human or antmai pathogens. 
Spirillum species have flagella at both poles and 
are strict aerobes. 
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Spirillum mums : It is a short, thick organism with 
tapering ends. It is 0.2-0.5 p. x 3-5 ft in size with 
regular spirals, usually two to three. It is motile 
by amphitrichous flagella. It is Gram negative but 
is better visualised by Wright’s or Giemsa or Fon- 
tana stain and by dark ground microscopy. 

It is a natural parasite of rats and other rodents. 
It causes one type of rat bite fever known as 
Soduku. After an incubation period of about two 
weeks, the fever sets in abruptly , accompanied by 
an erythematous rash at the site of the rat bite. 
The rash at the site may progress to a chancre like 
lesion. Regional lymph glands are usually 
enlarged. Mortality rate of 5-10 per cent has been 
reported. 

The organism has not been cultivated in vitro. 
Diagnosis may be made by the microscopic 
examination of the exudates from lesions or by 
the inoculation of the exudates, lymph node aspi- 
rates or blood into white mice or guinea pigs It 
should be ensured that the mice do not already har- 
bour any spirilla. Penicillin and streptomycin are 
useful in treatment. 

CAMPYLOBACTFR 

The genus Campylobacter contains slender spi- 
rally curved Gram-negative rods, 0 2-0 5p thick 
and 0.5-5p long They arc typically comma 
shaped, but may occur as S- or multispiral 
chains. Old cultures are coccoid and pleomor- 
phic They are nonsponng and motile with a 
single polar flagellum at one or both poles. 
Growth occurs under micro-aerophilic condi- 
nons. 5% 0> concentration being optimal. Many 
pathogenic species aie thermophilic, growing 
well at 42°C. Campylobacters do not attack car- 
bohydrates, but are nxidasp positive. 

Campylobacters have gained prominence re- 
cently as a common cause of human diarrhoeal 
disease, affe'eting children and adults. They can, 
on occasion, also cause systemic infections. They 
are important veterinary pathogens. Campylo- 
bacters of medical importance are the following: 

1. Causing diarrhoeal disease: C. jejuni, C. 
coli, C. land is. ' 


2. Causing extra-intestinal infection: C. fetus 

3. Isolated from mouth: C. sputonmi C. con- 
cistts 

4. Associated with gastritis and peptic ulcer 
(‘Pyloric Campylobacters’): C. pylori j 

* 7 * ,i 

CampylobactcE_Jejuni i 

* I 

Medically, this is the most important Campylo- 
bacter species as it causes innumerable attacks of 
diarrhoea worldwide. The infection is zoonotic, 
the source being food of animal origin, especially 
raw milk. It appears to be part of the normal 
intestinal flora of domestic animals and birds, 
and is shed in their faeces. It can be isolated fre- 
quently from surface waters. 1 

Infection occurs by ingestion. C. jejuni can pro- 
duce diarrhoea by three different mechanisms— 
production of a toxin resembling cholera 
enterotoxin causing watery diarrhoea; shigella- 
like penetration of gut epithelium leading to 
bloody diarrhoea; and salmonella-like penetra- 
tion of mucosa with proliferation in lamina pro- 
pria and mesenteric lymph nodes. The common 
clinical manifestations are abdominal pain, fever 
and profuse, watery foul smelling diarrhoea, some- 
times with blood and mucus. Vomiting is not 
common. The disease is self-limited. Erythro- 
mycin has been reported useful in treatment, bui 
resistant strains may occur. 

Laboratory diagnosis depends on the isolation 
of the Campylobacter from faeces. Direct micro- 

scqijxc exajjjjjuatviij. — >j.ba.siiOWJO:axf-Qt darkfield 

microscopy to detect the darting or tumbling 
motility of the spiral rods, or demonstration of 
thesmall curved rodsin stained smears — maybe 
useful for presumptive rapid diagnosis. Faeces or 
rectal swabs are plated on selective media. In 
case of delay in culturing, a transport medium has 
to be employed. Campylobacters survive for 1-2 
weeks at 4°C in Cary- Blair transport medium, but 
glycerol-saline is not satisfactory. The . pJa UM. 
media commonly used are Skirrow’s, Butzlerj QL 
Campy BAP selective media C. lejuni, as weltas 
C. coli and C. landis, are thermophiticanddonot 
grow at 25 e C. Inoculated plates are incubated at 
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42°C in an atmosphere of 5% Oi, 10% COi and 
85% Nj. Thermophilic Campylobacters can grow 
well at 37TC also, but incubation at the higher 
temperature suppresses normal faecal flora to 
some extent. ' ~* 

Colonies appear usually by 48 hours. They are 
nonhaemolytic. grey or colourless, moist, and 
flat or convex. Suggestive colonies are screened 
by Gram staining, motility and oxidase tests. 
Confirmation is by further biochemical tests, 
including positive catalase and nitrate reduction 
tests. 

C. coli causes an infection clinically indistin- 
guishable from that due to C. jejuni C. coli is 
believed to account for 3-5 pei cent of Campylo- 
bacter diarrhoeas. C.coh is commonly found in 
healthy pigs. It is differentiated.from C. jejuni by 
the hippurate hydrolysis test which is negative in 
case of C. coli. 

C. laridis also causes a similar diarrboeal dis- 
ease, though its prevalence has not been worked 
out. It can be distinguished from C. jejuni and 
C. coli by its resistance to nalidixic acid . 

C. jejuni and C. colt can be serotyped for 
epidemiological purposes. 

C. jejuni is the most common bacterial cause of 
diarrhoeal disease in many developed countries 
— more common than citmopci Uae or shigellae. 
But in the developing countries, clinical disease 
caused by C. jejuni is much less frequent, though 
asymptomatic infection is common in humans as 
well as domestic animals and birds. 

Some nonthermophilic Campylobacters, provi- 
sionally designated C\ cinaedi and C. fennelliae 
have been associated with diarrhoeal disease in 
homosexual men, but their clinical significance 
remains to be established. 

C ampylob actecXetus 

This organism was isolated in 1918 by Theobald 
Smith from infectious abortion in cattle and 
named Vibrio fetus. It is a very important veteri- 
nary pathogen. Human infection by V. fetus was 
first observed in 1947 and subsequently also by 
similar organisms which came to be called ‘related 


vibrios’. The heterogenous group was renamed 
Campylobacter fetus and classified into three sub- 
species. 

- C. fetus subsp. jejuni to which the ‘related vib- 
rios’ belonged has been separated as the species 
C. jejuni, described above. 

C. fetus subsp. fetus (formerly called subsp. 
uuestinaUs) can sonfetimes produce extra-intesti- 
nal disease in humans, particularly septicaemia in 
previously'ill subjects. It causes abortion in cattle 
and sheep. • 

C. fetus subsp. veneralis does not appear to 
cause illness in man, but is responsible for infecti- 
ous abortion transmitted venereally in cattle. 

C. fetus is not thermophilic and grows at 25°C 
also. 

C. sputorum and C. concisus have been iso- 
lated from the human oral cavity, but not 
associated with any disease. 

Campy|ohact erjiylQa 

Spiral, campylobacter-Iike bacteria were obser- 
ved in close apposition to gastric mucosa in sev- 
eral cases of gastritis and peptic ulcer and success- 
fully cultivated in 1983. They have been named 
C. pylori (formerly C. pyloridis). They are short 
spirals with four unipolar flagella. They become 
coccoid in old cultures. They grow on moist, 
chocolate agar or Campylobacter media under 
microaerophilic conditions at 37 e C forming small 
transparent colonies in 3-4 days. They produce 
oxidase, catalase, phosphatase and H 2 S. A dis- 
tinctive feature is the formation of abundant 
urease and this property has been used as a rapid 
diagnostic test in gastric biopsy samples. They do 
not metabolise carbohydrates or reduce nitrate. 
They are sensitive to many antimicrobials includ- 
ing penicillin, erythromycin, tetracycline, gen- 
tamicin, metronidazole, as well as to bismuth 
subnitratc. They are resistant to cotrimoxazole 
and nalidixic acid. 

Infection with C. pylori causes an acute gas- 
tritis which may become chronic. It is commonly 
associated with peptic ulcer, but its aetiological 
role is yet to be proven . 
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LEGIONELLA PNEUMOPHILA 

The name Legionnaire’s disease was given to an 
apparently new illness which broke out among 
members of the American Legion whoattended a 
convention in Philadelphia in 1976. The disease 
was characterised by fever, cough and chest pain, 
leading on to pneumonia and often ending fat- 
ally. The causative agent has been called 
Legionella pneumophila Subsequent investiga- 
tions have revealed that the disease is neither new 
nor localised. Infection with L. pneumophila is 
now known to cause protean manifestations. Two 
distinct clinical patterns have been identified and 
designated Legionnaire’s disease and Pontiac 
fever 

Legionnaire’s diseas e may be either epidemic 
or sporadic. The illness is characterised by fever, 
nonproductive cough and dyspnoea. Diarrhoea 
and encephalopathy are common Case fatality 
may be 15-20 per cent, the cause of death being 
progressive respiratory failure and shock. All 
ages are susceptible, though more cases have 
occurred in the elderly Smoking and alcohol are 
risk factors 

Pontiac feve r is a milder, nonfatal illness with 
fever, chills, myalgia and headache. 

L. pneumophila is a short G ram negative, non- 
motile rod with fastidious grow th requirements. 
It was originally isolated by inoculation into 
guinea pigs anti yolk sac of cmhryonatcd eggs. I_t_ 
c an be grown in the^-ECy (Fccley-Gorman) 
medium, consisting of IkfuelTer-ffintnn ag ar. fer-_ 
ric pyro p hosphate and L cystein e It is an aerobe, 
growing optimally at 35°C and at pH 6 9. Colonies 
arc tiny and appear in 4-10 days It is c atalase 
positive and weakly oxidase positive Sugar fer- 
mentation, urease and nitrate tests are negative. 
No fewer than 23 Legionella species are now rec- 
ognised. L pneumophila is classified into 10 
scrogroups, the majority of human infections 
being caused by serogroup 1. 


Diagnosis can be made by the demonstration 
of the bacillus by immunofluorescence, by isola- 
tion in culture or by serology.’ The bacillus stains 
well by pieterle’s silver impregnation methfl d. 

Infection is airborne. I he source of infection 
has frequently been traced to airconditioning 
units. The bacillus is present in soil and water 
as parasites on free living amoebae. It is sensitise 
to most antibiotics, except vancomycin. Ery- 
thromycin and rifampin have been reported to be 
useful m treatment. , 

Several other fastidious bacteria have been iso- 
lated in recent years from cases of severe 
pneumonia. These have been collectively termed 
atypical Legionella-like organisms (A.L.L.O). 

t IKF.NE1.LA CORROOKNS 

This is an oxidase positive, facultatively anaerobic, 
capnophilic, Gram negative bacillus. The name 
‘corrodens’ refers to the characteristic pitting or 
corroding of blood agar by colonies of the bac- 
terium. It is present in the mouth, upper respira- 
tory tract and gastrointestinal tract of humans. 
Infection follows salivary or faecal contamination 
and usually involves the skin and subcutaneous 
tissues, though rarely osteomyelitis, pneumonia, 
endocarditis and meningitis may occur. It is sensi- 
tive to penicillin and tetracyclin. 

CARDIOBACTERIUM IIOMINIS 

This Gram negative, pleomorphic bacillus wfiici* 
occurs commonly as a commensal in the human 
nose and throat may cause endocarditis, particu- 
larly in those with preexisting cardiovascular dis- 
ease. It grows on blood agar under 3-5% CO* 
and high humidity. It ferments a wide range of 
sugars, forms indole and is oxidase positive, but 
catalase and nitrate negative. It is sensitive to 
many antibiotics, penicillin and streptomycin 
beingthe recommended drugs. 
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Rickettsiaceae 


The family Rickettsiacea e contains micro* 
organisms causing ty phusleve rs and related dis - 
eases Because of their obli g ate intracellula r^ 
parasitism and inability to gr ow in cell free cul- 
turcs, they were formerly considered closely 
related to viruse s. But they are Gram negat ive 
plcomor phicj ods dividing by binary f ission and 
possessing a c ell wall-c ontaining murarnic_acjd, 
metabolic enzymes independent of the heist cell, 
and both DNA and RNA. They are large enough 
to be seen under the light microscope, are held 
back by bacterial filters and are susceptible to 
a ntibiotic s They are, therefore, true bacteria, 
specially adapted to obligate intracellular 
parasitism. They are primarily parasitic in 
arthropods such as fleas, lice, ticks and mites, in 
which they are found in th e alimentary can al. The 
name nckettsia has been given in honour of Ric- 
keits who first observed these microorganisms in 
Rocky Mountain spotted fev er (1909) and who 
die3 of typhus fevercontractcd duringthe course 
of his work on the organism. 

Mo rphology In smears from infected tissues, ric- 
kettsiae appear as pleomorphic coccobacilli, 
0.3-0.6ji x 0.8 -2. O p. in size. They are nonmotile> 
and "noncapsulated, They are Gram negative, 
thpugh'theydo noTtakc the stain well. J hey stain 
bluish purple with Giemsa and Castaneda stain s 
and deco red with Machiavello an d Gimenez 
stains. 

lender the electron microscop e, the nckettsiac 
are seen to have a i Bree^Iayered cell wa ll and a 
t rilaminar pl a sma, membran e thus resembling 
aiiUJlijegatjs-tyMcteria. Ribosome-like particles 


and intTacytoplasmic organell es have been 
observed in the granular cytoplasm, pro- 
_wazekii has an amorphous capsule surrounding 
it. 

Cultivation: Rickettsiae are unable to grow in 
cell free medi a. Ho. qumtana, the causative a gent 
of tre nchJcyerjs_an^£.sceptiQ n.and has been 
foundTo grow on blood aga r. Growth generally 
occurs in the c ytoplasm of infected cells, but In 
the case of the s potted fever rickettsi a e, growth 
may take place in the nucleus as w ell. Rickettsiae 
grow best in cells that are not metabolising 
actively. The optimum temperature for growth is 
32°-35 s C. 

They are readily cultivated in the yolkj ac of 
developing chick embryos, as first shown by Cot 
Limited growth occurs on th e chorioallanto ic 
membr ane. They also grow oifmouse fibroblast, 
HcLa. HEp 2. Detroit 6 and other continuous cell 
cell lines, but tissue cultures are not satisfactory 
for primary isolation. Laboratory animals sucli as 
guinea pigs and mice are useful for the isolation 
of rickettsiae from patients. They may also be 
propa gated in arthropods. 

Resistance: Rickettsiae arc readily inactivated 
by physical and chemical agents. They arc rapidly 
destroyed at 56°C and at room temperature when 
separated from host "components, unless pre- 
served in skimmed milk or a suspending medium 
containing sucrose, potassium phosphate nod 
glutamate (SPG medium). 

Rickettsiae arc susceptible to tetracycline and 
chloramphenicol. Penicillin and su!phonamid« 
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are ineffective, but paraaminobenzoic acid has 
inhibitory action on rickettsiae. Sulphonamides 
may actually enhance the growth of rickettsiae 
and worsen the condition if administered to 
patients. 

Antigenic structure: At least three types of anti- 
gens have been demonstrated. The first is a group 
specific soluble antigen, present on the surface of 
rickettsiae. This can be separated from the orga- 
nisms by repeated washing and centrifugation. 
Th e second antig e n isass ociatcd with the bodie s 
of theTickcJisiae . This is species specific and, in 
th~e~case of scrub typ hus, strai n spec ific. T he thir d 
antigen is an a lkaTTstable polysaccharide found in 
some ric kettsia e and in some strains of Proteus 
bacilli. This sharing of antigens between nc - 
k ettsiae and Proteus isthc basis for th e Weil- Felix 
re action us ed for the diagnosis of rickett sial in fec- 
tions, by the demonstration of agglutinins to Pro - 
fens strains OX 19, 0^2 and QXK. 

Pathogenesis: Rickettsiae are generally trans- 


dear whether the endotoxic and haemolytic 
activities are relevant in natural disease. 

The long survival of rickettsiae in various 
organs and lymphatic tissues of infected men and 
animals is a distinctive feature in pathogenesis 
and is of importance in the epidemiology of some 
rickettsial diseases. 

Classification: Depending on the diseases they 
produce, the vectors that transmit them, 
antigenic relationships, growth properties and 
resistance to physical and chemical agents, ric- 
kettsiae are classified into four genera, Rickett- 
sia, Rochalimaea, Coxiella and Ehrlichia. The 
genus Rickettsia contains the agents causing 
typhus fevers, spotted fevers and scrub typhus. 
The agent causing trench fever Ro. quintana dif- 
fers from rickettsiae in being us ually extracellul ar 
in the arthropod host and in being cultivable in 
cell free media such as blood agar. It has, there- 
fore, recently been separated into a new ge nus, 
Ro chalimae a, named after da Rocha-Lima, one 
of the early investigators of rickettsial diseases. 


mitted to man by arthrop od vectors, except for The Q fever_ae ent differs from rickettsiae in 
Q fever which is usuafiyacquired by ing estion or being s maller , m ore resistant to physical an d 
inhalation. On entry into the human body, the che mical~~agen ts and t ransmissible w ithout 
rickettsiae multiply locally and enter the blood, arthropod vectors. It is, therefore, placed in a 
They become localised chiefly in_lhe vascul ar^-separate genus , Coxiella, n amed after Cox who 


end othelial cells, which enlarge, degenerate and 
cause thrombus formation, with partial or com- 
plete occlusion of the vascul ar lumen . The overall 
pathological features of the rickettsial diseases 
are similar and can be explained by the damage to 
the vascular endothelium. 

Ri ckettsiae exhib it two kinds of toxicity. They 
possess an e nyjptoxin that kil!s_mice following 
intravenous injection. Endotoxic activity is speci- 
fically neutralised by antisera v Anti genically, the 
endotoxins are group specific. The endotoxins of 
the major groups of rickettsiae (typhus, spotted 
fever, scrub typhus) are antigenically distinct" but 
cross reactions occur between the endotoxins of the 
various members within each group. The second 
toxic activity is haemolysis of sheep and rabbit 
cells. This appears Jo be enzymatic in natureand 
is suppressed by metabolic inhibitors. It is not 


first isolated the agent fro m ticks and introduced 
the techniqueof yolk sac inoculation for its culti- 
vation. A group of intraleucocytic rickettsiae that, 
infect the humans and many animals has been 
classified under the genus Ehrlichi a. The first 
human pathogen of this genus. Ehr^sennetsu was 
isolated in Japan_in 1954 Jfrom a patient with __ 
i nfectious mononucleosis syndrom e. Ehr. cam s, 
naturally occurring in dogs has also been 
'reported to cause human infections. 

Table 46.1 lists the rickettsiae of. med ical 
impor tance and thei r charact eristics. 

Typhus fe> er group , 

This group consists of epidemic typhus, recrudes- 
cent typhus (Brill-Zinsser disease) and endemic 
typhus. 



Group Species piscasc Vector Vertebrate reservoir Geographical distribution 
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: Human-Nil 2 Cattle, sheep, poultry 
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Epidemic typhus (classical typhus, gaol fever) has 
been one of the great scourges of mankind, ' 
occurring in devastating epidemics during times 
of v, ar and famine. The disease has been reported 
from all parts of the world, but has been particu- 
larly common in Russia and Eastern Europe. 
Napoleon’s retreat from Moscow was forced by 
typhus fever breaking out among his troops. Dur- 
ing 1917-1922. there were some 25 million cases 
in Russia, with about three million deaths. Lenin 
is said to have remarked, in reference to the out- 
breaks of louse borne typhus and relapsing fe\ er 
rampant during the Russian revolution, thatch 
‘either socialism will defeat the louse or the louse ' 
will defeat socialism’! In recent times, the mam 
foci have been Eastern Europe. Northern and 
Eastern Africa. The disease is also present m the 
mountainous regions of Central and South 
America, Southern Asia and South Africa. In 
India, the disease occurs in Kashmir. In 
1970-1973, epidemics had occurred in Ethiopia, 
Burundi and Ruanda. 

The causative agent of epidemic typhus is 
ft. prowazekii, named after von Prowazek, who 
had contracted fatal typhus fever while inves- 
tigating the disease. M an is the only natural vex ? 
tebrate host. Several animals — guinea pigs, 
mice, cotton rats and gerbils — may be infected 
experimentally. Natural infection in flying squir- 
rels has been identified in South Eastern USA 
and they may act as reservoir hosts, infection 
beingspread by the squirrel louse and flea. 

The human body louse, Pediculits lim naam 
co rporis, is the vecio t^-Thc head louse may also _ 
trans mit th eJnfcctfcmHret-Hot the pubjc lo yse. 
TheTicc become infected by leedmgon nc* 
kettsiaemic patients. The rickettsiae multiply in 
the gut of the lice and appear in the faeces in 3-5 
days. Lice succumb to the infection within 2-4 
weeks, remaining infective til! they die. The lethal 
^nature of the infection in the louse suggests that 
the.association between R. prowazekii and its 
vector is relatively recent and not well established .N, 
Gee may_h e_ iransferred from person to person . 
Bei ng sensitive to temperature c hanges^ irijthe 
host, they le ave the fe brile patient or the cooling 


carcass and parasj jjse-orire^petsons. Lice defae- 
cate while feeding and infection is transmitted 
wheathe contaminated louse faeces is nibbed in 
by scratching through the minute abrasions thus 
caused. Occasionally, infection may also__he 
transmitted through inhalation ot aerial suspefF 
s ions of dried louse faeces or through the con- 
junctiva. 

The incubation period i s 5-21 da ys. The disease 
starts with fe ver an d c hills a nd cannot be differen- 
tiated clinically from many other acute infectious 
diseases till the cha racteristic rash appears on the 
fourth or fifth day. The rash is macular or 
'rna culopapula r, fading on pressure at first, and 
starting on the trunk _and spreading over the 
limbs , but sp arine the face, palms and soles. 
Towards the second week, the patient becomes 
stuporous and delirious.' The name typhus comes 
from the cloudy state of consciousness in the dis- 
ease (from typhos, meaning smoke or cloud). 
The case fatality varies from 1 5-70 pe r cent and 
increases with age. I n some whorecover from the 
d isease, the rickettsiae mav remain latent in the 
lvmnhoid tissues or organs for years. Such latent 
infection may, at times, be reactivated leading fo 
rccrudescent typhus ( Brill-Zinsser disea se). 

Brill (1898) noticed a mild, sporadic, typhus- 
like disease in New York, among Jewish immig- 
rants from South Eastern Europe. Zinsser ( 1934) 
isolated A. prowazekii from such cases and 
'proved that they were recrudescences of infec- 
tions acquired many years previously. The BrilJ : 
Zinsser disease explains the manner in which the 
rickettsia is able to survive without extrahuman 
res ervoirs. In itself, the disease is not important, 
but such cases occurring in louse ridden com: 
munities may initiate epidemics oftyphusiever. 


Endemic typhus (murine or flea borne typhu s) is , 
a milder diseas e, than _ epidemic typhus. Itjs_ 
caused by R. rnoqserj {R. ivp/ri Lwhich is main- 
tained in nature as a mild infection o f rats, t rans- 
mitted by the r at flea, Xenopsyllajcheopis. The 
rickettsia multiplies in the gut of the flea and is 
shed in its faeces. T he flea is unaffected, but 
remains infectious for the rest of its natural/ 
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of life. Domestic cats and the cat flea, Cteno- 
cephalides felis, have also been incriminated in 
the transmission of endemic typhus. 

Man acquires the disease usually through th e 
bite of infected flea s, I ngestiorTof food recently 
contaminated with infect'ed rat urine o r f lea faece s 
may also cause the disease. Human infection is a 
dead en d,. Man to man transmission does not 
occur fin Kashmir and China, lice have been 
known to transmit murine typhus in man, pro- 
ducing smouldering outbreaks. 


R. moose ri and R vrow uzekii are closely simila r, 
but may be differentiated by biologica l and 
immunological te sts. When male guinea'plci s are 
inoculated intraperitoneally with blood fromji 
case of endemic typhus or with a culture of 
R. mooseri, they develop fever and a characteri s- 
t ic scrotal inflammatio n. The scrotum becomes 
enlarged and the testes cannot be pushed back 
into the abdomcnjiecause of in flammatory adhe - 
* sions between the layers of the tunica vaginalis 
This is known as the Neill-Mooser or th p tunica 
reaction . Intrucytoplasrmc rickeftsia can be seen 
in the stained smears of scrapings from the 
tunica. The Ncill-Mooscr reaction is negative 
with R. prowazek u R. moosen can be maintained" 
Indefinitely by serial passage in mice, but R. pro- 
tvazeku jends to degenerate. R. mooseri causes 
he avy infection with profuse multiplication when 
in oculated intran.isall v or intrap eritoneal ly in 
raisJ 3 ut.fi.. prowazeku groduces only inaggaienl. 
o r mild in fection. Following recovery _from 
epidemic or endemic typhus, there is immunity to 
reinfection wi th both rickettsia e. but vacanation 
confers only homologous and not heterologous 
immunity. The two rickettsiae m.iy be differen- 
tiated by co mplement fixati on and rickettsial 
aggl utinatio n tests 

Endemic typhus tsof worldwide incidence, but 
is not of much public health importance as the 

lOilkd. 

A third member of the .typhus feser group is 
R. cn nucta, which was isolated from ticks m 
' r ~ iada It shares the group antigen with /?. pro- 


wazekii and R. mooseri, but can be differentiated 
by toxin neutralisation and complement fixation 
tests. It is also related to the spotted fever group 
of rickettsiae and, like them, grows in the nuclei 
of infected cells . Its role as a human pathogen has 
not been established, but there is serological evi- 
dence that it may cause a disease resembling spot- 
ted fever. 

Spotted fever group 

Rickettsiae of this group possess a common solu- 
ble antigen and multiply in the nucleus as well as 
’ th cjytoplasm of host cells. T hey are all transmit- 
ted by ticks, except R. aka ri, which is mite bor ne. 
Six species" have been recognised in this group. 

R. rickettsii is the causative agent of Rocky 
Mountain spotted fever. R. siberica causes Sibe- 
rian tick typhus, R. conori Indian, Mediterra- 
nean, Kenyan and South African tick typhus anil 
R. australis the Queensland tick typhus ; /T par- 
ken, isolated from ticks causes infection in guinea 
pigs, but has not been identified as a human 
pathogen. R. akari causes rickettsial pox. ' 

Rickettsiae are t ransmitted transovariatly tn 
ticks which, therefore, constitute both vecto rs 
amTrcservoirs. l.he. i nfection maybe transmitted 
to vertebrate hosts Jby any of the larval stages or- 
by adult ticks. The ticks are not harmed by.th £ 
ri ckettsiae and remain infected for life . The ric- 
kettsiae arc shed in tick tacces, but transmission 
in. man. g/ama/shy fry b>r^ . -is, »Jin. rickettsiae 
invade the salivary glands of the ticks also. AH 
rickettsiae of this group pass through natural 
cycles in domestic and wild ammalsor birds.' 

Rocky Mountain spotted fever is the moMscri- 
ous type of spotted fever and is the first loj ia^n 
been described. It resembles epidemic typhus 
clinically, but the rash, which is macular initially 
becoming petechial later, appears first on the 
flexor aspects of the wrist and ankle and then 
spreads all over the body, including the palms, 
soles and even the buccal mucosa. The case fatal" 
ity is variable, but has been 18 pcT cent ovcralt m 
the USA. It was originally identified in Montana 
and Idaho (Northwest USA), where it was shown 
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lo be transmitted by the wood tick, Dermacentor 
undersold. Subsequently, the disease was observed 
in the eastern parts of the USA also, where the vec- 
torwas the dog tick, D. variabilis. 

The Siberian tick typhus is a mild rickettsial 
disease occurring in Siberia, America and the 
Central Asian republics of the USSR. The dis- 
ease is transmitted by several species of ixodid 
ticks. The causative agent, R. siberica is closely 
related to R. rickcttsii. Both these species cause a 
severe scrotal reaction in guinea pigs, leading to 
scrotal necrosis and death. 

Tick typhus in several parts of Europe, Africa 
and Asia is caused by R. conori, strains of which 
isolated from Mediterranean littoral. Kenya. 
South Africa and India are indistinguishable. The 
species is named after Conor, who provided the 
first description of the Mediterranean disease, 
fievre boutonneuse (1910). The disease was first 
observed in India by Megaw (1917) in the foot- 
hills of the Himalayas. The investigations of 
Kalra, Rao, Soman, Helig and Naidu have esta- 
blished that the disease is found in many parts of 
India. The tick Rhipicephalus sanguineus is the 
most important vector. Haeinapfiysalis (each, 
Amblyomma and Hyalamma ticks can also trans- 
mit the infection. 

R. australis, the causative agent of Australian 
(Queensland) tick typhus is closely related to 
R. conori and is transmitted by ixodid ticks. 

Rickettsial pox, the^nildest rickettsial disease of 
man is a self-limited, nonfatal, vesicular exan- 
them first observed in New York (1946) The 
name is derived from the resemblance of the dis- 
ease to/fhickenpox. It is also called vesicular or 
varicelUform rickettsiosis. The causative agent is 
R. akari (from akari, meaning mite). The reser- 
voir of infection is the domestic mouse, Mus runs- 
cuius and the vector is the mite, Allodermanyssus 
sanguineus, in which transovarial transmission 
occurs. R. okan has also been isolated from wild 
rodents in Korea. The disease has been reported 
from Russia also. 

R> conori, R. australis and R. akari cause fever 


and scrotal swelling in guinea pigs, similar to the 
Neill-Mooser reaction caused by R. mooseri. 

Scrub typhus 

Scrub typhus is caused by ./?, rsiitsugamush i (R, or}- 
entalis ) and occurs all along East Asia, from 
Korea to Indonesia, and in the Pacific islands, 
including Australia. It was first observed in 
Japan, where it was found to be transmitted by 
mites. The disease was, t h e r ef ore , ca) le dj5»/- 
sugamushi (from tsutsuga, meaning dangerous 
and musht, meaning insect or mite). It is a place 
di sease and is found only in areas with a suitable 
climate, plenty of moisture and scrub vegetation. 
The vector mite is Tr otnbicula ah amusf iiin Japan 
ax\3T\~d eUensis in India. The mites inhabit shar- 
ply demarcated areas in the soil where the micro- 
ecosystem is favourable fmi te island s!. Man is 
infected when he trespasses into these mttc 
islands and is bitten by the mite larvae (chiggers ). 
Th e mite feeds on the serum of warmblooded ani- 
ma ls only once during its cycle of developmen t. 
apd adnll-mitps feed only on plants Rickettsiae 
are transmitted transovarially in mites . Various 
rodents and birds act as reservoirs and also help 
in spreading the rickettsiae to fresh areas.. 

Scrub typhus was originally believed to be con- 
fined to sc rub jungl es. But it has also been found, 
to occur in a variety of other habitats, such as 
sandv beach es, mountain des erts, and equatorial. 
Ta in fore sts. The term ‘ chigger borne typhu s' has 
therefore been suggested as a more apt designa- 
tion. Four factors are essential for the establish- 
ment of a microfocus of infection, viz. c ocxis- 
tence and imimatejplationship among Jl^ jyut^ 
sug qnutshi, chiggers. rats and secondary^ f-trans--- 
iiinnat f orms of vegetation (known as the ‘ zoono^ 

The incubation period is 1-3 weeks. Most 
patient s develop a characteristic esebaruat the sit e 
ot the mite bi»e. The disease sets in with lover, 
headache and conjunctival injection. A red 
macular rash appears on the fifth dav . Case fatal- 
ity rates are highly variable, ranging from 0.5 per _ 
cent to 60 per cent. The disease is not a seri ous 
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problem in civilian practice, but assumes very 
great importance in military medicine during 
jungle warfare, as was recognised in the Indo- 
Burmese theatre in the Second World War. 

Considerable differences exist among different 
strains of R. tsulsugatflushi in antigenic proper- 
ties and virulence, a factor that complicates 
serodiagnosis and immunoprophylaxis. Three 
major antigenic types have been recog nised — 
Karp, Gilli am an d Kato. T he rickettsia i s mor e 
pathogenic to mi ce than to guinea pi gs. 

Trench fescr 

During the First World War, over a million cases 
of a disease known as trench fever or Five day 
fever occurred among soldiers fighting in the 
trenches in Europe. The disease was not fatal, 
but because of its slow course and prolonged con- 
valescence, it caused a very considerable loss of 


rated into a new genus in the tribe Rickcttsieae, 
designated Rochalimaea quintana. 

The disease frequently lead to chronic tic- 
kettsiaemia, Ro. Qtiinafano having been isolated 
from the blood of patients upto two years after 
the acute attack. Recrudescence may occur as in 
the Brill-Zinsser disease and relapses have been 
reported as long as 20 years after the primary dis- 
ease. The chronic rickcltsiaemia and late relapses 
help to maintain the rickettsia in the absence of 
animaireservoirs. 

Trench fever is of little concern now . The only 
known epidemics occurred during the two World 
Wars. Due to the mild clinical picture and difficul- 
ties in laboratory diagnosis, sporadic cases, if at 
all they occur, are not likely to be idcntified.'lso- 
lation of Ro. auintanaJ rom Tunisia and Mexico 
recently, s uggest that the disease may be more 
widely distnbuted than is realised. 


manpower. Q lexer 

Trench fever is an exclusively human disease 

and ucranimal reservoir js known. It is transmit- Derrick (1935) investigated cases of fever occur- 
tecTby tiie b ody louscTTlnrfaeces of lice become s ring in abattoir workers in Brisbane, Australia, 
i nfectious irlO day s after an infectious meal . The and transmitted the infection to guinea pigs by 
I i cc are unharmed, and remain infective throu gh- inoculation of blood from patients . Asth£Aeti9 : 
out their live s. Vertical transmission _do.es._not logy of the disease was unknown , it was referred 
occurJn lice . The causative agent was identified to as ‘Query’ or O feve r. B urner identified the 
^ ^aS a rickettsia and named Ro. quintana (from causative agent as a rickettsia and it was named 

. VkV,,., n f. n . mr-ininfT fifth r^Fprrmn tn D f.. . . .. A • .U. — . • 1 (I.A C^mi* 


R . burnetii . At about the same time .the same 


■Jsvcrj. a svnonvm_for trenchJcy gr). The agept agent was isolated, independently in the USA 


differs from jjekettsiae in the following resn 


from Sicks by Coy And wbs desigr&ie d R. dip- 


1) jt occurs extracellulariv in the.arthronod hos t porica, the name referring to its ability to pass 
a nd is demonsirablC-in large masses in the cu t through filters impermeable to other rickettsiae. 


a pd is demonstratils-m large masses in the cu t through filters impermeable to other nckettsiae. 
lumen of infected licei .2) i t grows poorly in the The Australian and the American isolates were 
yolk sac of chick emb ryos; 3) it does not cause subsequently shown. to be identical. 'As the 0 
experimental infection in any commonjabora- fever agent exhibits several peculiarities, it has 
tory animal B esides man and the lonse . only been separated from other nckettsiae into a spe _ 
monkeys can tie infecte d, 4) it is able to grow in rial genus and has been named Coxietla burn etit- 
bactenological media such as blood agar. On_^g-Q fever is the most widely distri butcdotaU* 1 ^ 
aerobic incubation at 37°C under increased COj / kettsTaraiseas.e s and has been reported from yir- 
tension, colonies appear after two weeks in pri- tuaUy all countries. It is primanly a zoonosis, solidly 
mary isolation and 3-5 days in subsequent passages; established in domestic livestock the world over, 
and 5) convalescent sera from patients do not Wild animals such as the bandicoot may consti- 
r cact with-rickettsial or Proteus antigen s . These tute the primary reservoir, the infection being 
•differences have led to Ro quintana being sepa- transmitted among them by i xodid ttcks_. Trans- 
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ova rial transmission has been demonstrated in 
ticks. The rickettsiae are abundant in tick fa eces 
and survive in them for long periods in the dry 
state. Tick s transmit the disease to cattle, sheep 
and p oultry . T he rickettsiae are shed in the mi lk 
of infect ed catt le. They arc particularly abundant 
in the conception products or infected animals 
and contaminates the environment at parturition. 
Human infections have been traced to consump- 
tion of infect ed milk, h an dling of infected woo l or 
hides, so il cont a minated with the faeces of 
infected animals, infected strawy and contami- 
nated clothing. Thus, it is an occupational di s- 
case. The infecting organism may enter through 
the abraded skin s lungs, mucous membrane and 
gastrointestinal tract. Though man to man trans- 
mission has been reported, it is very rare . Ticks 
do not playan ysignificant role m t ransmittingthe 
infcctio otoma n. 

Cox r. burnetii appears to be widely distributed 

documented, serological surveys in different 
areas have demonstrated high prevalence of 
antibodies by complement fixation and capillary 
agglutination tests. The infection appears to be 
prevalent among many animals including the 
sheep, goats, cattle, buffaloes, dogs, fowl, pigs, 
mules and camels. The rickettsia has been iso- 
lated from c ow’s milk an d ticks. 

The human disease is an acute systemic infec- 
tion, usually characterised by an i olcrstma l 
pneumonia. The clinical picture is very vanabte 
and asymptomatic infections are very common. 
No_ rash occurs in the disea se. The rickettsiae 
spread through almost alFthe organs ami fre- 
quently affect the liver and heart leading to 
h epatiti s and subacute bac terial endoc arditis. 
Spontaneous recovery usually occurs. The ric- 
ketisia may remain latent in the tissues of patients 
for 2-3 years. Man to man transmission is rare. 

Cox. 6umefi7 is pleomorphic, occurring as small 
f ods 0.2-fl.4p x 0 4-1. Op. in size or as spheres 0.3jx 
*" 1* in diameter. It is filterable. Generally 

regarded as Gra m" negat ive, it appears Gram 
positive when alcoholic iodine is used as the mor- 

am - is relatively resistant to physical and 


chemicaLagents. In dried tick faeces and in wool, 
it survives for a year or more at 4°C and in meat 
for at least a month. It is not completely inacti- 
vated at 60°C or by 1 % phenol, in one hour. Milk 
may not be freed o f th e infective agent, by pas - 
t eunsa t lon^byThe-Ifolding m ethgt LTnU the flas h' 
method is effectiv e. It grows well in the yolk 
sac of chick embryos and in various types of cell 
cultures. Ether extraction of yolk sac cultures 
does not release a soluble antigen as in thecase of 
other rickettsiae. Cox, burnetii is the only ricket t- 
s ia to exhibit phase variation . Fresh isolates are in 
phase I. Thcy”become phase fi on repeated pas- 
sage in yolk sac, buLreversion.to phase I takes 
place by passaging in g uinea pig s. Phase II cells 
are autoagglutinablc and are phagocytosed in the 
absence of specific antibody. Phase I activity is 
attributed to a surface ca rbohydrate antige n 
which is soluble in trichloracetic acid and is 
destroyed by periodate. Phase I is a more p ower- 
ful immunogen than Phase II and elicits anti-_ 
bodies in high litre to both antigens. Phase If 
antigen gives better re sults in complement fixa - 
tion tesu T with Human andjmjmaLsera. Q fever 
sera donot react with other rickettsial antigens or 
with Proteus. 

Laboratory diagnosis of r ickettsial diseas es: Ric- 
kettsial diseases may be diagnosed in the l abora - 
t ory either by isolation of the rickettsiae or by 
serology. A s rickettsiae are highly infectious and. 
have caused se veral, scrious^md fatal infections 
among laboratory workers, their isolation should 
be attempted with utmost care and only in 
laboratories equipped with appropriate safety 
provisions. 

"Rickettsiae may be isolated in maip pnnM pig* 
or mice from patients in the early phase of the dis- 
ease. Blood clot ground in skimmed milk or any 
suitable suspending medium is inoculated intra- 
peritoneally. fn O fever, bes i des blood, th e 
sputum and les s often the urine, may, yield the 
causative agen t. The animals have to be observed 
for 3-4 weeks and their t emperature recorde d 
daily. Their response to rickettsial infection var- 
ies. Jn Rocky Mountain spotted fever, guinea 
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pips develop feve r, s crotal necro sis an d may eve n 
die. With R. moosc ri. R- con ori and R.'pkari th ey 
develop f ever and tunica reactio n . R. prowazekli 
and Cox, burnetii produce only fe^cruilhout i my 
t esTucuIaTTnUammail o nTMice are preferable to 
guinea pipfor the isolation of R. isutsugomushi. 
Infected mice become ill and develop ascitis. 
Smears from peritoneum, tunica and spleen oi 
infected animals may be stained by Giemsa or 
Gimenez methods to demonstrate the ric- 
fcettsiae. 

Though laboratory strains of rickettsiae grow 
profusely in the yol k' s ac of chick embryos, t his 
method and tissue c ulture are not suitable for 
primary isolation . 

Ro. qttintana will not grow in guin ea pies_gr 
mice. It can be isolated by letting hea lt hy lice feed 
on~Thp p.nir- nt. The rickcttsia may be demon- 
strated in the gut of such l ice. This method is 
known as xenodiagn osis. It may also be culti- 
vated from the patient’s blood on blood agar or in 
liquid media containing fetal calf scrum. 

Serological diagnosis may be by the hctc- 
rophile Weil-Fclix reaction or by specific tests 
using rickettsial antigens. The Weil-Fclix reac- 
tion is an ag glutination , tesj jn which sera are 
tested for agglutininstoi^cO antigens of certain 
nonmotile Proteus strains OX 19. OX 2 and 


OX K- The test was developed from the chance 
observation of Weil and Felix (19 lb) that a Pto- 
tcus st ruin isolated from the urine of a patient of 
epidemic typhus was agglutinated by the patient’s 
scrum as well as by the sera of other typhus 
patients. The basis of the test is the sharing of an 
alkali stable carbohydrate antigen by same ric- 
kettside and by certain strains of Proteus. 
gnr« OX 19. ami OX 2 and P^ mjc ubttu’OX K. 
The test is usually done as a tube agglutination, 
though rapid slide agglutination methods have 
been employed for screening. 

Sera from epidemic and endemic typhus aggluti- 
nate OX 19 and sometimes 0X2 also. The test is 
negative or only weakly positive in Brill-ZinsMr 
disease. In tick borne spotted fever both OX 19 
and OX 2 arc agglutinated. OX K agglutinins are 
found only in scrub typhus. The test is negative in 
rickettsial pox, trench fever and 0 fever (Table 

The Weil-Fclix reaction is a simple and useful 
test for the diagnosis of some rickettsial diseases 
The antibody appears rapidly during the course 
of the disease, reaches peak litres of upto 1:1000 
or 1 :5000 by the second week and declines rapidly 
during convalescence. The test is of no value «\ 
the diagnosis of rickettsial pox, trench fever and 
O fever. It may also be negative in about 75 pet 


TABLE 46 2 

Wefl-FelU reaction In rickettsial diseases 


Disease 

Agglutination pattern with 

OX19 

0X2 

OX K 

Epidemic typhus 

++ + 

± 

- 

BriU-Zinsscr disease 

Usually negative or 
weak positive 



Endemic typhus 

+++ 

± 

- 

Tick borne spotted fever 

++ 

++ 

- 

Rickettsial pox 

- 

- 

- 

Scrub typhus 

- 

— 


Trench fever 

— 

— 

— — 

Q fever 

~ 

"" 

~ 
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cent of recrudescent typhus and 50 per cent of 
scrub typhus cases. It does not differentiate bet- 
ween epidemic and endemic typhus. False posi- 
tive reaction may occur ip some cases of urinary 
or other ^infections by^rroteus and at times in 
typhoid-fever arid-fiver diseases. Hence it is desir- 
able to demonstrate a rise in litre of antibodies 
for the diagnosis of rickettsial infections. 

The most frequently used serological method 
using rickettsial antigens is thwomplement fixa- 
tion test. This may be done using the group 
specific soluble antigen or the type specific 
washed rickettsial antigen The former test is in 
routine use, but the latter is necessary for differen- 
tiation between epidemic and endemic typhus 
Due to the high degree of heterogeneity in 
R. tsutsugamushi, it is necessary to use as antigens, 
representative strains such as Gilliam, Karp and 
Kato. In O fever, it is important to use phase II 
antigens for CF test, the usual antigens being pre- 
pared from the Henzcrling (Italian) and Nine 
Mile (USA) strains. A satisfactory CF antigen for 
trench fever has been prepared from Ro quin- 
tana cultured on blood agar 
Other serological tests include agglutination of 
rickettsial suspensions, passive haemagglutma- 
tion of red cells sensitised by ESS (erythrocyte 
sensitising substance),, toxin neutralisation, 
immunolluorestencc and radioisotope precipita- 
tion. A skin test has been developed for demons- 
tration of delayed hypersensitivity to Cox. bur- 
netii A positive skm test is considered to be □ 
contraindication Tor O lever vaccination 

bnnwmnoprophy taxis of rickettsial diseases. Ric- 
kettsial diseases may be prevented by general 
measures such as control of vectors and animal 
reservoirs. Control of Q fever requires adequate 
pasteurisation of milk and care in the handling of 
animals and their products Immunisation is use- 
ful in special situations. 


Killed and live vaccines have been prepared 
against epidemic typhus. The earliest of these 
was phenolised intestinal contents of lice infected 
per rectum with R. prowazek.ii (Weigl's vaccine). 
This was too complicated for mass production. 
Castaneda developed a formalinised mouse lung 
vaccine. Effective mass vaccination became pos- 
sible only after Cox developed the inactivated 
yolk sac vaccine. A live vaccine using the 
attenuated strain E has been found to be highly 
immunogenic, but a proportion of vaccinees 
develop mild disease. 

The Cox type vaccine confers effective protec- 
tion against Rocky Mountain spotted fever. 
Immunoprophylaxis in scrub typhus is rendered 
difficult by the antigenic heterogeneityof R. isui- 
sugamushi In Q fever, killed Cox. burnetii vac- 
cine causes severe local reaction. Purified anti- 
gens are under investigation and a trichloracetic 
acid extract from purified phase I suspensions of 
Cox. burnetii promises to be very effective in pre- 
venting 0 fever in man 

BARTONELLA BAC1LL1FORMS 

This is a pleomorphic. Gram negative, motile, 
rod shaped organism that causes two distinct clin- 
ical conditions — a fata l febrile anaemia called 
'' Uroya feve r and a bemgh'nodular skm lesion cal- 
lecbVerruga peruana The organism is seen inside 
the erythrocytes of infected persons. It can be 
cultivated in semisolid agar with fresh rabbit or 
human blood. Inoculation of cultures into mon- 
keys leads to Verruga peruana, but not Oroya 
fever, except rarely and in atypical form. The dis- 
ease is confined to the mountainous 3rcas of the 
American Andes in tropical Peru. Columbia and 
Ecuador. 

ft. bacilUformis has been classified under 
the family Barioncllaceae in the order Rickett- 
siales. 
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47 Chlamydiae 


A group of i ntracellular microors anHms_causing 
psittacosis, lymphogranuloma _venergum and 

trachoma in man and diverse diseases tn many 


avian and mammalian species has-been for long - 
the object of taxonomical confusion' A sjney are 
filterabl e and do not grow in cell ffgemed ia, they 
wereconsidered tp.be virasga&we^^J 1 ^ 

psittacosis-lv mphogranuloma-trac homa JPCU 

viruses. As they p jMiiK-baioihil^-ini^yl Q ^ 
nlas mic inclusion bodies ininfect edeeUs, in cpn- 
trast to the eosinophi lic inclusions produced by 
mo st virus es . they were sometimes referred to as 

‘basophilic yjrysesL They -have. sincC-beems town 

to differ'from^iruse&.i n several 
possess c ell walls bacteria and rickettsiae^do 
not have an ‘eclipse phase! .follow ing cdjulgl 
infecti on, multiply bv binary tission, possess boj . 
DNA and RNA and are susc gBliblsl P a ntibioti cs, 
and chemotherapeutic agents. They hqy e,_there- 
fore, bee n considered to occupy a p gsitionjater; 
mediate between rickettsi aeandyiruse s. Follo^; 
ing the suggestion of Moulder, it is now generally 
.,.71 « cmntl bacteria 


these agents, wlyrimre-seen e nc l osin g l he_nudei- 
of infected cells as a c loak-Qr-mandajc/i/amys, 
meaning mantle). 

Chlamydiae are classified_into_twa--Spetae s: 

■ Ch lam. psittaci ^d Vhlam^Jra<£nM atis- Chlam. 

fnrm -C ompacLi nrliision s with 
glycogenmatrix, are sensitive to suTphonarmdes . 
and are natural parasites of humans causing usu- 
. ally localised infections of the eye and genjtajs. 
Chlam. nsittaci stram sJonn-d Ufusn-vacuol atcd. 
inrlnsinns without a^ly cogen matrix, are ra sis- _ 

tan Tto^idp jiQnam^sand_arajiatuigUP3rg s ites__ 

of bird? and animals, capable of causing pnepmp- . 
nia and generalised infections m humans j>^ 


Hlg U1C SUggCillUII U1 1VIUUIUVI • ■ • a 

agreed that they_be_considered as small bagtena 
adapted ttf^oblipate intracellular parasitisi^ 


adapted tcT obligate- intracellu lar parasitisgh 
Because of the, phylogenetic .uncertainty*- 1 * 12 
noncommittal "term ‘agent’ was often used to 
refer to these microorganisms. 

Several names have been proposedfortb'^PI^T 

group. In recognition of the pioneering studies of 
Sir Samuel Bedson on the psittacosis agent, the 
name Beds oniae w as proposed for the group- 
Though this term was very popular, the official 
term for this group now is Chlamydia. The name 
Chlamydia is derived from the characteristic 
a ppearance of the inclusion bodies p roduced by 


Morphology: Chlamydiae occur in twOEB!?,- 
elemenlarv bod ies and rcljculaK.iinitialibafe^ - 
fbe&ifnentary body, is a spherical particle, 200- 
300 nm in ffiam5er wilh an electron dense nuc- 
leoid. This is the extracellular inf ectious jart i c l^, 

On en try into a suitable_host-CeU . jymlarges to 

form. the r eticulate bod y ,-500 - 1000 nm m siz^_ 
Thk Is the" rep roductiveJQri n- and divides _bg_ 
Kin^rv fission to produc e a large number of . 
plementary bodies.^ ig. 4 7-1). t ■ Cj> 

Chlamydiae are Gram negative, but they stain 

better with'C^s^gla^a^i^eUo^ 

stains. The inclusion bodies arg .baso^ hi] ic. the — ■ 


stains. tne.mciuMuu r 

inclusion bodies of Chlam^traciwmajipauj^ ^ 
stained with Lugol^icdme^use of the_glyso- 
gen matrix they possess. 


C.eneral properties of cMflau^fle^ Chylamyaiae 
are heatiahile r being-inactivated withinjninutes 

at 56 5 S~Tf^ y.^ r e-s usce pjjb le to ethanol, ether 
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1. Elementary Bod) (EB); 2 EB attaches in cell receptor. 3 EB enters cell hy phagocytosis: 4 8 hours EB 
reorganised inio large infectious Reticulate Body (RB), 5 12 hliurs. Host cell growth arrested' RB undergo- 
mg fission, 6 24 hours Inclusion Body with'KB and developing EB. 7 311 hours Inclusion Hodycontainmg 
infectious EB . Nucleus pushed to periphery , R -W hours Death and lysis of cell releasing EB ' " 


and low concentrations of phenol and f ormal in. 
Infectivity is maintained for several days at 4°C. 
They can be preserved frozen at -70°C or 
lyophilised 

Chal mydta e can be prop jga led jn the mouse, 
chickjembryo or in tissue culture, though they 
show individual variat ions m susceptilibi lty— 

They possess t wo types of antige ns. All mem- 
bers share a com mon heat stable, complement 
fixin g antigen. Tins can be extracted in ether , 
d eoxycliolate o r chlor oform methanol. Chemi- 
cally, it is a I mtd carbohydrate protein complex 
similar to the cell wall antigen s of Gram negatlye 
ba cteri a. Some members possess a soluble 
ha emagglutinm which aggl utinates murine and 
v accinia sensitive fowl erythrocyte s. A heat labile 
antigen left on the cell w.ill after extraction with 
deoxycholate or trypsin is type specific and helps 
to distinguish t he different sp e cies or types hy 
c omplement fixati on or n eutralisation test s 
Chiagiycliae produce a toxm- nrobablv linonro- 
teinjn naiure^which is lethal to mice on intraven- 
ous inoculation. The toxin is neutralised specifi- 


ca lly by the antitoxin and toxin ne utralisation 
a ffords a m ethod of intrasneciesjyping- Ty ping 
m ethods have been develo pcd-iising micro- 
immunofluorescence. 



f ig 47 2 I fjlhcr-.laethcr-Pmw-.izck hod> n IMtliom i _<> ,n 
lunclivat epillidi.il cell Containing a I iree remform Ini.!u- 
sionbodvsiirroutulingihe nuJeusJN) ~ __ 










CHLAMYD1AE 


TABLE 47.1 


Human diseases caused by Chlamydiae’ 


Species 

Serotype* 

Disease 

Chlam. trachomatis 

^B.Ba.C. 

Hvnerendemicblindinptraphoma. 

Chlam. trachomatis 

D.E,F,G,H,U,K 

Inclusion conjunctivitis A I 

(neonatal and adult). J 

Nongonococcal urethntis, cervjcitisrj 
.salpingitis, epididymitis, proctitis, o 
pneumonia of newborns. 

Chlam. trachomatis 

L1.U.L3 

Lymphogranuloma-venetcum 

Chlam. psittaci 

Many serotypes 

Psittacosis 

Chlam psittaci 

TWAR strain 

Human ARD 

r 

’ Predominant types associated with the disease. 


Chla m. trachomatis strains ha ve been cla ssified 
by neut ralisation and immun ofluorescence tests 
into 15serotypes — A, B, Ba, C, D, E, F, G, HVL 
J, K, LI, L2 and 13. Typ es A. B. Ba and Cl ause 
endemic trachoma (type A in the Middle East 
and North Africa, the others worldwide) and are 
spread from eye to eye. Types D to K cause^ 
oculogenital infections (i nclusion coni mctiyitis. 
nonspecific urethritis, pelvic infections ). The 
serotypes A.toK are together called TRI C agents 
(frorn_Trachoma-Inclusion-Conjunctivitis). Types 


from man to man, without any avi an or anim al 
host. 


Psittacosis is a disease of parrots a nd oth er psit - 
tadne birds, transmissible . to matijpsiltacos, 
me aning parrot) . A_similar hut generally milder 

bi rds is calle_d ornithosis (omft&g£^£aniflgj2ild)- 
Psittacosis jnfcction has been recognised in over 
LI ,~L2 and L3 cause thevenereal disease LGV.LX70 sp ecies of the parrot family and ornithosis in a 
The LGV serotypes cause a lethal-infection when lafgejumbg rofother birds. f fetio^nbirdsjii 


inoculated.intracerebrally-injnice.and can spread 
from cell to^cell in susceptible, tissue, cultures*. 
These properties differentiate th em from TRIC 
agents. 

Chlam. psittaci contains many unidentified 
serotypes.Their interrelationships have not been 
worked out (Table 47.1). Grayston (1986) has 
reported a new strain of Chlam. psittaci desig- 
nated TNVAR (from Taiwan Acute Respiratory) 
strain which appears to be a common cause of 
acute respiratory disease, pneumonia and bron- 
chitis in older children and adults. Antibodies 
have been demonstrated in the sera of adults 


usually subclinical leading t o a carrier _slate. . 
Overt disease may.be precipitated by cagfniTor 
overcrowding and is tnanifestecTas 'diaj xhqga r 
mucopurulenfxespiratory discharge an dem ada- 

tion. The c hlamydiae areshed in thedroppingl SL. 
nasal discharge,, and aerosols are HFerated. Ma n 
is jnf ected-fav_inha1atiop_and after a ninmhaHon~' 
:riod of ab< 


whi ch mav vary from a mil d influenza-like syn^ t 
drome to p f at^ 1 pp*»nninaia. Though pneumonia 
is the usual clinical gianif estaiijan^sjllacosVs is a 
se pticaemia and mav occ asionally lea d to m enin- 
goencephalitis, endocarditis, pericarditis, arth- 


from different parts of the world. This appears to. mis or-^*ty phoid-)ike syndro me. Case to, case 
be a human strain of Chlam. psittaci transmitted transmission isrSfeliuTKas been reported. The 



414 


TEXTBOOK OFMICROBIOLOGY 


LYMPHOGRANULOMA VENEREUM 


high infectivity of p sittacosis is indicated by the 
freq uency ot taooratory injections. Strains from . _ 

parrots and turkeys are more vinilenj than those This disease characterised by suppurative ingui- 
ffom other avian species and may cause fatality of nal adenitis has been known in the tropical coun- 


upto 20 per cenC ChTirnirbullad causes natural 
inj gctjnn, often faappnrent- in many species of 
animals, but these strains are of low virulence fon_ 
humans. 


Laboratory diagnosis: The chlamydia can be iso - 
la t ed from the blood d u ci nfi the ear ly stages olihe 


tries for a long time under various names, lym- 
phogranuloma inguinale, poradenitis, climatic or 
.tr opical bubo . The disease ^Transmitted vene- 
re'ally. The primary lesion is a small papulovesi- 
cular lesion appearing on the external genitalia 
after an incubation period varying fro m three 
da ys to five week s. This may at times be extragenital 


d iseas e _and from the_ sputum later t o n also depending on the mode of infection. This is usu- 
Sputum is trea ted with str eptom ycin to sup press ally p ainless a nd mav pass unnotic ed. The secoh- 
contaijiinajlts. Th e material is inocula tedTnto. dary stage developing about two weeks later 
mice intranasally, intrapentoneaity— or lntTiF~results from ly mphatic spread to the draining 
cerebrally and in tojhc yojk sac oLfi^.8 day old lymph nodes. In males the inguinal lymph nodes 
eggs'Tfie mice die within ten days and smears of are involved most ol ten " and in Teifrates- the 
the lung, peritoneal exudate, spleen or brain will J Mntrapclvic andffp ararectal nod es. Jhe nodes 
show the element.-! ry_bo3i cs ( Levinthal Cole LiL- enlarge, suppurate' bcComT adherent to the skin 
he or LCL bod ies). LCL bodies can be seen in the_. and break down to form sinuses discharging pus. 
smears ot yolk sa c from in fected eggs, as well. Metastatic complications may_sometimes occur, 
Serial passage may sometimes_be_necessa ry for . with involvement of joint s , eves a nd mening es, 
isolation. It is generally difficult to re cover. The tertiary stage is chr onic, lasting for several 
chlam ydia from pa tients treatedwit h an tibiotics rf years, representing the sequelae of scarring and 
fsolati orPshouli r'h e attempte d only-in- labo- lymphatic blockage. L ate sequelae ar e more dis- 
tressin g in fe males leading to rectal strictures an d 
ele phantiasis of th e vulva (esthiomene). 

' 

Laboratory diagnosisTThe primary lesion usually 
. goes unnoticed and the disease is seen commonly 
first in the stage of i nguinal adeni tis 'fbubo ). 
Stowa <st '.he. msAutaii Ww?. 'b/t bubos 

may show the el ementary bodie s (Miyagawa' s 
granulocorpus cles). Hie material, with strep- 
tomyan added, may be inoculated into mice 
intracerebrallyror into tfTe yolk sac of developing 
eggs. Isolation is difficult. ~ ' 

Serological diagnosis may be made by the 
group specifi c CF_ tesL but false positive results 
may occur in other chlamydial infections. As in 
psittacosis, a type specific CF antigen has been 
Treatment ■ The chlamydia is susceptible to described, but it is too complicated for routine 
penicillin, tetracyc line, erythromycin and use. 

chloram phen icol: Tetracycline is the drug of The method most commonly used for the diag- 
choice, treatment being 'continued "for several nosisof LGV is the i nfraflermal te st described by 
aiysifter cli nical im provement. Frei (1 9251 . As originally described, the antigen 


r atorics where special care can be taken, _a$ 
la borator y infection is_a_seripus h azard7 
Serological diagnosis may be made by 
demonstrating rise in titre o f 'C^F ant ibodies 
in paired serum sample s. The antigen is g roup 
specific and false positive reactions -may be 
to. atom: cbiamjvjdiial tofectiowu A. type 
specific CF test has be en de scri bed u s ing live nnl i- 
jten, but technical difficulties preculde its routine 
use. 

Contro l: Psittacosis has been c ontrolled in some 
countries by checking the import of birds, but 
ornithosis is worldwide in distribution and cannot 
be so controlled. 
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was bubo pus diluted five-fold in saline and , 
heated at G0°C for two hours. This antigen was later 
replaced by preparations from infected mouse 
brain, but the frequenc y of n onspecific reactions 
made this unsuitable. At present, the antigen is 
prep ared from infected yolk sac, purifie d by frac- 
tion alce ntrifugatihn and inactivated by ph e n ol or 
heat. This antigen (Lygranum) is inoculated 
intradermally pn thejorearm (0. 1 ml) and a con- 
trol prepared from uninfected y olk sac on t he 
other forearm. A positive react ion is indicated by 
an innammatoryn'Qdulcjipp earing at the test s ite 
in two days and reaching a maximum i n 4-5 da ys, 
measuring at fe ast 7 mm in diameter. Fret's test 
b ecomes positivT*2-6^ weeks after inTeflinn nn!rL 
remains positive for several years, perhaps for 
life. The antige n is group specific a nd false posk 
live react ions’ 1 may occur in other chlamydial 
infections. A type specific skin tea antigen ha s 
been develo ped hy_ acid extraction of the 
c hlamydia, but this is not rou tinely availa ble. 

Treatmcnti-L GV is susce ptible to s ulnhonamid es 
and anjibipiics. Tetracyclin e is th e antibiot ic 
commonly employed. Treatment should bepro- 
longed to ensure eradication of the infection. 
Corticost eriod s may be useful in the treatment of 
old cases withfjbrosis. 

TRACHOMA AND INCLUSION CONJUNCTIVITIS 

Trachoma is a c hronic keratoconjunctivit is 
characterised by f ollicular hypertr ophy, papilla ry 
hype rplas ia, pann us f ormation and in the late 
stages , cicatr isation. Though, Ha Iberstaedter and 
Prowazekjn J907_transmiltedxhe infectio n to 
orangutans a nd de monstrated^!!— fcomuctjyal 
smears the' charac teristic inclusion bo dy— that 
bears the ir names, cu ltivation of the. chlamydia 
became possible, onlyJmlLa centuryJater T when 
Tang and his colleagues^ 1953^grew- it in the yolk 
sac of eggs. 

gers or fomite s. Flies j n av transmit' the infe ction 
mechanically. It may also be carried by dust, in 
"hich case infection may be facilitated by minor 


abrasions caused by dust particles . The incuba- 
tion period is variable and influenced by the dose 
of inf ection. Onset is insi dious. 

’ Tra choma - has been classified into sever al 
stages. The earli est is trachoma dubium , where 
tHFc Hsease isj usULSuspici o m-P rot rachum a is the 
stage of conjunctival lesion before follicles 
become vis ible. TRIC agents and inclusions are 
not usually demonstrable in these early stages. 
Established trachoma progresses through stages I 
to TVTlnfectivity is maximum in thexarly cases. 
Stage IV is noninfectious. 


Laboratory diagnosis: The characteristic inclu- 
sions (-Halbe rstaedter Prowazek o r HP bodiesF 
may be'demonstrated in conjunctival_scrapingS*_ 
after stajnjngJby'-G iemsa. Castaned a orjvfachi^ 
avellomethods. BecauseLthey.possess_a glycogen 
matrix they mayJbestainecLwifh iodine solution 
also . The fluorescent an tibody method e nhances 
thesensitmtyof smearcliagoosis! 

The chlamydiamayiiejtKamlnjhe yol k sac o f 
6-8 da ys, old e g gs. The material is treated wi_th 
stre ptomycin or p olymyxin B before inoculation. 
The eggs are incubated at 35°C in a humid atmos- 
phere. Blindpassages ma y b e necessary for isola- 
tion. This method is ti me co nsuming ahdcumbeP 
some. 

Tis sue c ulture_using stationa ry ph ase_celh 
(nonrepjjcating cell?) is thejnethod of choice for 
isolation_McCoy celisjendered-nonre.plira.ting 
by jiiadiation-er- antimetabolites are used. HeLa 
c ells treated with DEAE dextran may a lso be^ 
used. In b oth the cases the inoculum has to be dri- 
v en into the cells by centrifugat ion u pto 1 5,000 g 
t o get a goodgrowth. 

^^ Complement fixing a glih odies-app ear in the 
serurrC% ut thisT^stisnot generally useful fo r 
diagnosis. "Type specific antibodies may be 
dembTSStraTea byj3croimmuf>of]uoreseence. 

Treatment: Local application and oral adminis t- 
ration oLsuinhonami des and of tetra cycline or 
otKersuitable antibiotic should be continued for 
several weeks. Treatment is most effective in the 
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early cases, but relapses may occur. Local steroid 
application may do harm. 

Epidemiology and control : Trachoma is world- 
w ide in distribution and about 500 million people 
are estimated to be affected. It is particularly pre- 
valent in the developing nations because of 
unhygienic conditions. It is endemic in the Mid- 
dle East, Africa, India and the Far East. Control 
of the disease involves mass education and 
chemotherapy. Vaccination has not proved to be 
an effective or practicable method of control. 

Inclusion conjunctivitis 

Tlie epidemiology of this condition, first'rccog- 
nised by Halberstacdicr and Prowazek in 1910 
had to be reestablished in recent years. The 
natural habitat of C hlam. trachomat is types D to 
K is the gen ital tract in both sexes. 

‘ Inclusion hlenorrhoc.V , the neonatal form of 
i ncfusioh coliTulictm usTdev elops w hen the infant 
is infected irTlhc bi rth pass age. It usually 
becomes apparent be t~wc : cn~ $-l2 days afte r 
births It was consid ered to be benign and sclf- 
limited, but has aTiigh incidence of micropannus, 
conjunctival scars and late rec urrenc es These 
can be prevented by local application of tetracy- 
cline. 

In the a dult form of the disease . there is fo lhcu - 
lar hypertrophy ^sith scanty nonpurulent dis- 
charge. Ifwas known as ‘ smmmine nool co n- 
j unctivitis ’ as infection was’ associated with 


bathing in community swimming pools which 
presumably get contaminated with c hlamydi a 
from (he genital'scc rc lions of bathers . Contami- 
nation of the cytf with the patient's own genital 
secretion may be the causemorcoften of ‘genual 
c hlamydi.isis*. _ - * - 

Genital chlam) iliasis 

Chlam. trachomat is types J j-K jirc frequently 
responsible for se xually transmitted disease s. In 
the female, the infection is mostly asymptomatic, 
but may cause c ervicitis, sal pingiti s and pelvic 
inflammation. $v mp to piaticdiscns e i s commoner 
in the male, with urctliriti.s bc ing the most com- 
mon compl aint (‘nonspecific nongonococcal or 
postgonococcal urcthritisl). It may also cause 
ep ididymi tis and p rocS tjs. Perinatal infection 
causes incl usion conjunctiv itis and p neumoni a in 
the new bom. 

The true prevalence of genital chlamydiasis has 
not been recognised, particularly in the develop- 
ing countries due to the difficulties in laboratory 
diagnosis. Demonstration of inclusion bodies in 
Gicmsa stained smears is a very insensitive 
method Cultivation of the chlamydia is possible 
only in specialised laboratories. Immunofluorc- 
sccnce has been found to be a useful diagnostic 
method. Dire ct immunofluoresce nce test using 
labelled monoclonal antibodies is highly specific 
and sensifivc. Enzyme-immunoassays and DMA 
probcs-hnvc-bccnWnmfdntcd for diagnosis of 
chlamydial infections. 
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General Properties of Viruses 


Unicellular microorganisms may be classified in 
the descending order of complexity as the 
eukaryotes, such as protozoa and fungi, and the 
prokaryotes, such as bacteria, mvcoplasmas. nc- 
kcttsiac and chlamydiac. Viruses do not fall 
strictly into the category of unicellular micro- 
organisms as they do not possess a cellular organi- 
sation. Even the simplest of microorganisms are 
cells enclosed within.a cell wall. confaiRingJiatk. 
t) pcs of nucleic add ( DMA and RNA),sy nthcsis- 
ing their own macromotccular constituents and 
multiplying bv binary fission Viruses, on the 
other h*and, do not have a cell ular orga nisation 
They contain only one jvpc of nucleic a cid^either 
DMA or RNA, but ne ver bot h. They are obligate 
in trace llular'parasnesrTiicy lack the enzymes 
necessary for protein and nucleic acid synthesis 
„ and arc dependent for replication, on the synthe- 
tic machinery of host cel ls. Thev multiply by a 
compl ex pr ocess and not by bi nary-fis sion. They 
arc unaffected bv antibacterial antibiotics. The 
major differences between viruses and microor- 
ganisms are shown in Table 48. 1 . In spite of these 
basic differences, viruses are generally consi- 
dered as microorganisms in medical microbio- 

,o ey ; „ 

Viruses occupy the nvilight zone that separates 
the ‘living’ from the ’nonliving*. The demonstra- 
tion by Stanley (1935) that v iruses could be crys- 
tallised like chemicals, and the extraction by 
Gcirer and Schramm (1956) of ‘infectious nucleic 
acid' from a virus that could infect host cells and 
yield complete yirus progeny, made it appear tha L. 

advances in molecular biofogy seenfto make the 


distinction between ‘life’ and ‘nonlife’ little more 
than a semantic exercise. As the smallest ‘living.: 
units’, viruses offer ihe hest models for under- 
standing the chemistry' of life '. 

rhe medical importance of viruses lies in their 
ability to cause a very large number of human <JJs- 

su ch as the common cold to highly_fatal diseas es 
such as r ahicV or yell ow feve r.' They may be \ 
sporadic such as mumps, en demic such as rabies^ 
e pidemi c such as measles or pandemic such 
i nfluenz a. They may be localised to circumscribed 
areas (as some ar boviru s diseases) ot^ yorldwiH e 
(a^ fterpes sim pfexTTThe control of bacterial 
infcctioiiTvvTth antibiotics has enhanced the role 
of virus infections in human disease. Viruses Can 
Cause canc?r in ammals'and birds, and in human 
beings As.\vell. 

/• 

Morphology of viruses ‘ 


Size: The e 


calledTlid' nnon^ Jv'iruses a re much smaller tha n 
bacteri a. J 1 Was iheir small si 2 e a n d ‘filterabil7? y r 
(ability to pass-through filters^ that would hold 
back bacteria) tfiat led:to Their recognition as a 
separate class of ififectious»agent s. Hence they 
were for a time known as ‘f ilterablC-Viruses’. As 
they were too small to he seen ^ 1 

Some of the tarper viruses, such as powiniscs^ 
can be s een under the tight microscope w hen smjT 
ably stain ed. The virus panicles seen in this man- 
ner are knovvn a s elementary bodies 
Viruses vary widely m size. The largest among 
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\ 'TAJVH. Ci>v/ ~ t 2r m 
GENERAL PROPERTIES OF VIRUSES 
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n np ED PLIABLE 

envelope 

= -j- CAPSOMERE - 
= ! .NUCLEICACID. 

CORE 

c =^>- capsid 

a/. NA*m RIOID HELIX — y - U II U » 

, . a ^pinhedra l-vinuCronsisting of an inner core of. 

Fig 41 1 H ewn and slntclure B-diltefTIrom /Tin possessing an 

nuclcica cid enclosed by a capsid, whtc fcamo ,ners wound round Ihe nucleic acid lo form a lubu- 


envelop e C—nakea ncurai 
lar structure. I>-enveloped helical 
•> envjjope 
coded. Protein subun its may be seen as jrojjct- 
imf mikes on the surface Qf the envelops- 
sfructures are called pfgfom^S ( from P e P‘° 5 - 
meaning envelope) . A virus may have more than 
one type of peplomer . Thus the in fluenza vi ryscar 
ries two kinds of peplome rs — the haemaggh^nm 
which is a tri angular spike and the neuraminidase 
which is a mushroom shapedj jtpicture. Enve opes 
confer chemical, antigenic and biological proper- 
ties on viriKp< . Enveloped viruses a re susceptible 
to the action of l ipid solven tslike^ethgr^ clllQ io^gnri 
-find bi le •gaffs . Specify neutralisation of virus 
• infectivity depends on antibodies to the surface 
antigens. Biological properties such as haemag- 
glutination depend on the envelope. Some vir- 
uses possess additional structural features. 

. T.mpi^fr-nhrilc nroltude from l he_eeflices_gt 
a denovirus .parricfe s.p — ^ ^ 



Chemical properties :. Viruses contain only one 
Lc of nucleic acid, cither single oj _double 
stranded DNA or RNA. In this respect, viruses 
are unique, loi ndsfliere else in nature is genetic 
information solely carried by R^A. VU^JJ^iSLC 
acids may be e xtracted by trca tmcnl^thjjcU* 

JV^cornavirus, pag2^ s \ 
g^kggPETpab'ei STTmumingmleeljon »hen. - 
i ntroduced into h fl&cgUs. - 


/ • \ ^ ^ 

4S 2 Compjfatuc «iio anJ thapct of different gTouj* of uru'M I I Vni iru < 2. RhaWovtru* J HerpcwtfW' 
4 Retro* irut 5 7oj?a*inii f> Adcncmirtn 7. Panovini' S Pteornaviru* 9 BjcicrK'ph''ge H> Corooawrui 
It Onhomvxfnini* 12 Paraimtovinn K 
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ehlorinntinn . ^orrnaldehvde a mf ^cta propiolac- 
tone are actively virucidal and are commonly 
employed for the preparation of killed viral vac- 
cines. 

Th e action of lipid solvents such as ether , 
chlorolnrm nntl_ hilr. _ sails is splt-rtivp /the 
e nveloped viruses .b ei ng sensitive and the naked 
viruses resistant to them. This selective action is 

useful in the identification ‘and classification of 

example, the neuraminidase i n th e mflygran viruses. 

'irus_ Antibiotics active against bacteria are com- 1 ^ 

pletcly ineffective against viruscs-This property 
/’feusttma-^.V ith few exccption sV viruses are very is made use of in eli minating bacteria from clini- 
^jiral. labile Tl icrc are individual variations, but in cal specimen s by antibiotic treatment before 
general, Thev arc in activated withi n seconds at virus isolation. 


Viruses also contain protein which makes up 
the capsid. Viral protein, besides protectingjhe. 
nucleic .acid, also de t ermines the- antigenic 
s pecificiiy_u ltl icT. i rus. Enveloped viruses contain 
lipids d erived from the hosi cell mem brane. 
Some viruses also contain small amounts of car* 
boh} drat c. Mos t viruses d o not possess any enzy - 
mes for synt hesis of vira l components or for energy 
producti on, hu t some have oth er enzym es, as for 


562£^mi nutes at ^7° a nd c lass at 4°C They arc 
stable at l ow temperature s. F qi long term-stor- 
age, they are kept frozen _nit7fl t; /C licticr 


V |rnl haomayglulinatinn 




method for prolonged storage is Ivophrhsation or 
free ze dryin g (dryin g the frozen virus under vac- 
uumT n. vopfuliscd ft irus can be stored rndefi- 
mlcly and can be reconstituted when required by 
addition of waten aonfe viruses (e.g.^poliovinisi 


Viral haemagglutination was originally observed 
with influenza virus by Hirst (1941). A large 
number of viruses have since been shown left t 
agglutinate er ythrocytes from different specics dU? 
Haemagglutination by the influenza virus is due' 


d g not stand freeze drying Viruses vary greatly m(P)to the presence of hacmagglutinm spike s on the 




their resistance to acidity . For e x a mp I cT^fi tero- 
viruses arc very /resistant to acid pH while 
rhinoviruscstire very susceptible. AH viruses are 
disrupted undcralkalme conditions. 

Viruses are inaciivaiedTiy" sunlight. UV rav s 
and i onising radiations. They arc, in general, 
more resistant than bacteria m chemical disinfec- 
tants, probably because they lack enzymes 
Phe noli/ disinfectants arc only weakly virucidal. 
Bacteria are killed in 50 per cent glycerol saline, 
but t his acts as a preset vativc lor many viruses 
(e.g., vaccinia, rabies). Molar concentrations of 
certain salts (MgC'l?. Na 2 SOj) also protect some 
VintS£S-fe.g , poliovirus) ag ainst Ti eat inactivation . 
iThc most active anji viral disinfectants are oxidis 1 
ing agents such affli vd rogcn~pc ro x i Je.'ffo l assiu m 
p ermanganate andmypochlorite s K)f came iodine 
Comp ounds are actively virucida I / f'hlonnaiion 
of drinking water kills most viruses, but its effi- 
cacy is greatly influenced by the presence of 
organic matter. Some viruses (e.g., hepatitis 
virus, polioviruses) arc relatively resistant to 


su rface of the v irus. The influenza virus also carries 
on its surface another peplomer, the enzygre 
n euraminidase which acts on the receptdranj? 
destroys it. ^girrainirutl.TsgT is. therefore, called . 
the ‘re ceptor destroying enzyme’ f RDE) RDEis J . 
produced by many bacteria mcludingftholera vtb- f 
nos, and is also present in many vertebrate cells. | 
Destruction of the receptor leads to the reversal 
of haemagglutination and the release of the virus 
from the red cell surface. This is known 
/uotl) ' eJu- 

' s — Haemagglutination serves as a convenient’ 
method for detection and assay of influenza 
virus. When red cells are added to serial dilutions 
of a viral suspension, the highest dilution that 
produces haemagglutination provides the 
haemagglutination litre Haemagglutination test 
can be carried out in test tubes or special plastic 
trays. Red cells which arc not agglutinated settle 
at the bottom in the form of d ^fulton' , while the 
agglutinated cells are seen 
hkejdUeta, /-F ig 4K.3a1 As 




a zpuiion , wiiiie me i. 

i spread into a (hiehT ~/*-~ 
is inactivated viruscah 
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also haemagglutinate, the test serves to titrate 
killed influenza vaccines. As haeroagglutination is 
specifically inhibited by the antibody to the virus, 
haemagglutination inhibition provides a_CQnyc- 
nient test for the antiviral antibody. Haemaggluti- 
natiori and elution also help in purifying and con- 
centrating the virus. 

Elution is found only in the myxoviruses that 
possess ncuttaminidase. With other viruses, 
haemagglutination is stable. In the case of 
arboviruses, haemagglutination appears to be a 
reversible state of equilibrium between the virus 
and erythrocytes, being influenced by slight vari- 
tions in pH and temperature. Poxviruses aggluti- 
nate red cells from only 50 per cent of fowls. 
The haemagglutinin of poxvirus is distinct from 
the virion and can be separated by centrifugation. 
Table 48.2 shows the characteristics of hacmag- 
glutination by different viruses. 

iral multiplication 

The genetic information necessary for viral repli- 
cation is contained in the viral nucleic acid, but 
lacking biosynthetic enzymes, the virus depends 
on the synthetic machinery of the host cell for 
replication. Early studies on viral replication 
employed the bacteriophage as the model. While 


there are general similarities in the pattern of 
multiplication of bacterial and animals viruses, 
there arc also important differences. The viral 
multiplication cycle can be divided into six 
sequential phases, though the phases may some- 
times be overlapping: 1) adsomt ion.or attach- 
ment, 2) pen etration. 3) uncoating, 4)Jjiosyn- 
thesis, 5) maturation, and 6) release*. 

/. Adsorption: Virions may .come into contact 
with cells by random collision, but adsorption 
takes place only if there is an affinity between th.e 
two. The cell surface should contain specific 
receptor sites to which the virus can gain attach- 
ment. In the case of influenza viruses, the 
haemagglutinin on the virus surface gets attached 
K^cU coprnlci n recep tor sites on the surface of 
respiratory epithelium. Destruction of the recep- 
tor sites by RDE prevents viral adsorption. In the 
case of polioviruses, the receptor is thempopro- 
tcin present on ihe surfacc’of primate, but not 
rodent cells. The poliovirus can, therefore, attach 
'itself to primate cells. Put not in rodent cells. Dif- 
ferences in susceptibility to virus infection arc to 
a large extent based on the presence orabsenceof 
receptors on cells. If the phase of adsorption can 
be bypassed, cells normally insusceptible to a 
virus may be rendered susceptible to it. Thus, 
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Fig 48 2a Viral haem agglutination. Vims continuing fluid is diluted in doubling dilutions antiO 5% suspension of chick W*! 
cells added. Where vims is present there is diffuse widespread even pattern on Ihe bottom of the wells in Ihe plasln pUW 
Where no virus is present the cells settle down lo a button-like aggregate with sharp edge. 
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TABLE 48.2 

Characteristics of haemagglutination by viruses 


Virus 

Erythrocyte species and other conditions 

Influenza virus 

Fowl, human, guinea pig, others; Elution at 3TC 

Parainfluenza, mumps, NDV 

Fowl, human, guinea pig, others; Elution at 37°C; 
Haemolysin present ' 

Measles 

Monkey, 37°C 

Togavirus — several groups of Arbovirus 

Goose, pigeon, one day old chick; pH and temperature 
critical < 

Rubella 

Goose, pigeon, one day old chick, 4°C 

Enterovirus — some Coxsackie and 

ECHO serotypes 

Human ,4°C and 37°C 

Rhinovirus, some serotypes 

Sheep. 4 # C 

Rabies 

Goose. 4-C, pH 6.2 

Reovirus 

Human, 37®C 

Adenovirus 

Monkey, rat; Four groups recognised based on HA of 
red cells from monkey, rat, both or neither 

Poxvirus— smallpox, vaccinia 

RBC from some fowls only. Lipoprotein 
haemagglutmin, not part of vtnon 

Polyomavirus 

Guinea pig, 4°C 


infectious nucleic acid extracted from picor- 
naviruses canTnfect rodent cells, which are resis- 
tant to infection by the whole vi rus. 

2. Penetration: Bacteria possess rigid cell walls. 
Bacterial viruses cannot, therefore, penetrate 
into bacterial 'cells and only the nucleic acid is 
introduced intracellularly by a complex mecha- 
nism. Animal cells do not have rigid cell walls and 
the whole virus can enter into them. Virus particles 
may be engulfed by a mechanism resembling 
phagocytosis, a process known as*5 atflpgx is’. 
Alternatively, in the case of the enveloped vir- 
uses, the viral envelope may fuse with the plasma 
membrane of the host cell and release the nucleo- 
capsid into the cytoplasm. 


3. Uncoating: This is the process of stripping the 
virus of its outer layers and capsid so that the nuc- 
leic acid is released into the cell. AVilh most vir - 
uses, uncoating is effected by the action of 
lysosomal enzymes of the host ce ll. In the pox^ 
virus, uncoating is a two-step process. In the first, 
step, the outer coat is removed by lysosomal 
enzymes in the phagocvtig_£ acuel<L. The inner 
core of the virus, containing the internal protein 
and nucleic acid, is released into the cytoplasm, 
where the second step of uncoating is effected by 
a viral u ncoating enzyme , and the DNA is liber- 
ated T 

4. Biosynthesis: Thtsrphase includes synthesis not 
merely of the “viral nucleic acid and capsid 
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protein, hut also of enzymes necessary in the vnn r 
otis stages ol viral synthesis, assembly ami 
release. In addition, certain ‘regulator proteins' 
In so are synthesised whtefi serve to shut down the 
normal cellular metaholism and direct the 
sequential production of viral components. The 
site of viral synthesis depends on the type of 
virus. I n general, most DNA viruses synthe sise 
t heir nucleic acid . in the host cell MujTcrisr TTic 
exceptions are the poxviruses . which synthesise all 
their components nf (TicTiost cell cytoplasm. M ost 
RNA viruses synthesise all their components in 
th e cytopla sm Exceptions arc o rthomy xoviruses 
and some ♦paramyxoviruses nmpBrctrp viruses 
which arc synthesised partly in the nucleu s. Viral 
protein is synthesised only in the cytoplasm 
Biosynthesis consists essentially ot the follow- 
ing steps 

1 Transcripti on of messenger RNA (mRNA) 
from the vir al nucleic ac id 

2 Translation of the mRNA into l ear ly pro - 
tems'. These “early or nonstructuraal proteins' 
arc enzymes which initiate and maintain 
synthesis of virus components They may also 
induce shutdown of h ost prote in and nuclei c 
acid synthesis 

3 Replication of vi ral nucleic acid 

4 Synthesis of “late' or structural proteins, which 
are the components of daughter virion cap- 
sids 

Thcjncchanisms of transcription and nucleic 
aCid synthesis differ in the different types of vir- 
ust^ Viral nucleic acids replicate by the Watson - 
Cnck base pairing In the case of single stranded 
n ucleic acid s, a c omplementary strand is first 
s ynthesised , producing double simmled “r eplica - 
ti ve form s* Double stranded viral DNA acts as a 
t emplate for its replication, and also for tr ans- 
cribing into m RNA the genetic information, 
necessary for the synthesis of capsid proteins and 
enzymes required in the replicative cycle. RNA 
viruses use various methods for replication. Ip 
poliovirus and many other single stranded RNA 
vtrusesTthe viral RNAcan act directly asm RNa £- 
The Single stranded p arental ,RtyA (positive 
strand) acts as the te mplat e for the production of 


a complementary strand (negative strand), which’ 
.in turn acts as the template for progeny viral 
RNA In some other single stranded RNA .vir- 
uses (c.g., influe nza vi rus), parental RNA pro- 
duces complementary negative stands which act 
both as m RNA and as template for the synthesis 
of progeny viral RNA. Oncogenic RNA v iruses 
(tetrmjtus) exhibit a unique replicative cycle. 
The virus genome is single strandc dJ^NA . This is 
converted into 3n R NAtDN A hybrid by the viral 
enzyme. RNA directed DNA polymera se (re- 
verse transcriptase). Double stranded DNA is 
then synthesised from the RNA:DNA hybrid. 
The double stranded DNA form of the virus (pro 
virus) is integrated into the host cell genome. The 
provtrus acts as the template for the synthesis of 
progeny viral RNA The integration of the pro- 
virus with the host cell genome may lead to trans- 
formation of the ccH and de velopment o f neo - 
plasia 


5 Maturation. Assembly of daughter virions fol- 
lows the synthesis of viral nucleic acid .and pro- 
teins Virion assembly may take place in the host 
cell nucleus or cytoplasm Hemes and adeno- 
v iruses arc assembled in the nucleus while 
picoma and poxviruses arc assembled in the 
cytoplas m. At this stage, the nonenveloped vir- 
uscs arc present intraeellularly as fully developed 
vinons. hut in the case of enveloped viruse s^pnly 
the n ucleocapsid is comple te. Envelopes are 
d erived from the hpstccll membrane during the 
process of budding. 'I he host cell membrane 
which becomes the envelope is modified by incor- 
poration of virus specific antigens. Herpes vir- 
us es assembled in the nucleus acquire their 
envelope t rom the nuclear membraneas iheyj trc 
released into the cytoplasm enclosed in a vesicle. 
Myxoviruses hud from the ceil surface and their 
envelope is formed by the modifi ed cyt oplasmic 
membrane of the host ccll. Tire incorporation of 
viroTantigen (hacmagglutinm) on the cell mem- 
brane endows the cell with the property of 
haemadsorption. 


6. Release. In t he case of 
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. rel ease of progeny virions lakes place by the l ysis 
of th e infected bacteriu m But in the case of ani- 
mal viruses, release usually occurs wi thout cell 
lysiy, Myxoviruscs are released by a process of 
budding from the cdl membrane over a period of 
time. The host cell is unaffected and may even 
divide, the daughter cells continuing to release 
virions. Progeny virions are released into the sur- 
rounding medium and may infect other cells. In 
the case of some viruses (e.g., varicella), trans- 
mission occurfTdirectly' from c ell to ce ll, very 
little free virus being demonstrable extracellu- 
larly in the medium. Not all animal viruses spare 
the, host cel). The poliovirus causes profoun d 
d amage to the host cell and m ay be released by 
cell lysis^ 

Fron uhc stage of penetration till the appear - \ 
ancc of m ature daughter virions, the virus cann ot l 
be demonstrated in side the host cel l This period l 
during which the virus seems to disappear or go 
'underground' is known as the f eel i psTTHa se^ 
The time taken for a single cycle of rcplicatKTnTs 
about 15-30 minutes for bacteriophages and 
about l5^30 ~Kours for ani mal viruse s. A single 
infected ceil may release a large number of pro- * 
geny virions. While this can be determined readily 
in bacteriophages (burst size), it is difficult to 
assess in the case of animal viruses that are 
released over a pr olonged peri od. 

t Abnormal 'replicative cycles 


in e infection Here the defect is in the type of cel ) 
and noi in the parental viruse s. "" 

■Some viruses arc g enerally defective in that 
when they infect ceils, they are unable to give rise 
to fully formed progeny. Yicld of progeny virions 
occurs only if the cells are simultaneously infected 
with a h elper viru s, which can supplement the 
genetic delicicncy. For example, some strains of 
Rous sarcoma virus (RSV) cannot code for the 
synthesis of the viral envelope. When RSV 
infects a cdl th^k harbours a h elper viru s (e.g., 
a vian leukosis vi rus), infectious progeny results, 
the helper virus contributing to the synthesis of 
the envelope. The envelope antigen of progeny 
RSV will, therefore, be determined by the type of 
helper virus. Viru ses which are genetically de ft, 
ci cnt and, therefore, incapable of producing 
intectious daughter virions arc known 


Culthatiun of viruses 

As viruses are o bligate intracellular parasite s, 
they cannot be grown on any inanimate cultur e 
medium . Three methods arc employed for culti- 
vation of viruses — i noculation into_ animals . 
embrvonated eggs or tis sue cultur es. 

Animal mgcttlajsg n : The ea rliest met hod (or the 
cultivation ot viruses causing human diseases was 
inoculation into h uman volunte ers. Reed and 
colleagues (1900) useTT fiu m an" volunteers for 


.A preponhn iff daughter that arc pro- 
duced may not be infective. This is due to defec- 
tive assembly. Such ‘ incomplete viruses ' are seen 
in large proportions w hen cells are infected with a 
high dose of in fluenza viru s. The virus yield will 
ha ve a high hneninpidutinin litre, hut fowInTec- 
hvit y. This is k nown as the von Magnus pheno - 
menon 

Virus infection in some cells does not lead to 
production of infectious progeny. In such cells 
(nonpermissive cells), the viral components may 
be synthesised, but maturation or assembly is 
defective, and cither no release occu rs, or the 
progeny is noninfectious. This is known as abor - 


{Itetr ptpncCrifTgjt ark on » )!on r fete r. Due !o she 
serious nsk invoh cd. human volunteers arc used 
only when no other method is available and when 
the virus is relati vely harmles s. Monkeys were 
used for the isolation of the poliovirus by Land. 
Steiner and Popper (1909). But due to their cost 
and risk to handlers, monkey's find only limited 
application in virology- In some instances, as ii> 
infectious hepatitis, nonhuman primates provide 
the only method for virus cultivation. The use of 
white mice, pioneered by Thcilcr (190?) 
extended the scope of animal inoculation greatly 
_Mice are still the most widely employed aninuK 
in virology. Infant (suckling) mice are very 
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ccptiblc to coxsackie and arboviruses, many oi organs in vitro had been used by physiologists and . 
which do not grow in any othersystem. Mice may surgeons for the study of morphogenesis and 
be inoculated by several routes — intracerebral, wound healing. Probably, the first applicationof 
subcutaneous, intraperitoneal or intranasal. 'tissue culture in virology was by Steinhardt a nd 
Other animals such as.guinea pigs, rabbits_and colleagues (1913) who maintained the vaccinia 
ferrets are used in some situations. virus in fragments of rabbit cornea . MajtlancT 

The’ growth of the virus in inoculated animals (1928) used chopped tissues in nutrient media for 
may be indicated by death , disease or visible cultivation of vaccinia virus. The major obstacle 
lesions. Serial blind passageTmay" iometinieTbe to the development of tissue culture was the pre- 
necessary before evidence of virus growth can be sence of bacte rial contami nation. It was only 
obtained. D isadvantages of animal inoculation when antibiotics became available for the pre- 


are that immunity may interfere with viral growt h 
a full hut animals often harbour latent viruses. 


Animal inoculation i s also used for the studyof 
pathogenes is, immun e respon se, e pidemiol ogy 
and oncogenesis. 


vention of bacterial contamination that tissue cul- 
ture became a routine laboratory method. The 
turning point which madejissue culture the most 
important method for the cultivation of viruses 
was the demonstration by Enders, Waller and 
Robbins (1949) that poliovir us, " fill then con - 
Em hnbnated eggs: The embryonated hen’s egg sidered a strictly n eurotropic virus , could be 
was first used for the cultivation of viruses by grown in tissue cult ure of nonneural origin. Since 
Goodpasture (1931) and the method was further ,hen almost ever y human virus has been grown in 
developed bv Burned The embryonated egg tissue culture. 

offers several sTTcs forihe cultivation of viruses * nree 'W™ of Ussuc culturcs are ava,Iable: 

(Fig. 48.3) Inoculation on the c horioallanto ic >• ° r g an cultu *"e: Small bits of organs can be 
membrane (CAM) produces vis ible lesions maintained in vitro for days and weeks, preser- 
focicks). Different viruses have different pock Z-ving their original architecture and "function. 
morphologyr Under optimal conditions, each Organ cultures are useful for the isolation of 
infectious virus particle can form o ne pock . Pock . some viruses which appear to be highly specia- 
counting, therefore, can be used fordTeassay* of Used parasites of certain organs. For example, the 
pock' forming viruses such as variola o r v accinia , '^tracheal ring organ culture is employed for the 
fnoculation into thc^TTantoic 1 cavity provides isolation of th^coronavirus; a respiratory patho- 
a t rich yield of "mlluen za arid some para- gen. ^ « 

myxoviruses. Inoculation into the amniotjcsac is 2. Explant culture: Fragments of minced tissue 

employed for ihe-primary-isolation ofonfluenza can be grown as ‘explants’ embedded in plasma 
virus. \luIksacinocufation is used for theculliva- clots. They may also be cultivated in suspension, 
tion of some viruses, cMnmyriinrnnflrirkeltsine. This was what was originally known as'tissue cul- 

Allantoic inoculation is e mployed for growing lure’. This method is now'seldom employed in 


influfinza virus for vacant: product ion. Other viroIogy^Adenoid tissue explant cultures were 
chick embryo vaccines in routine use are the vel- used for the isolation c^ade noviruses. 


jow jever (17D strain) and rabies (Flu ry strain ) 3. Cell culture: This is the type of culture routi- 
yaccincs. DuckeggiarcJuggecand have a lon ger nely employe’d for growing viruses. "Tissues are 
iogubation period than hen’s egg s. Therefore, dissociated into the component cells by the action 
they provide a better yield of j abjes vir us and are of proteolytic enzymes such as trypsin and 
used for the preparation of the inactivated non- mechanical shaking. The cells arc washed, 
neural Tables vaccine. I— counted and suspended in a growth medium. The 

' ' essential constituents of the growth medium are: 

f^eU' culture: Cultivation of bits of tissues and physiologic amounts of'13 essential aminoacids 
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TASLE 48 3 . 

Some cell cultures In common use 


b 


Primary cell cultures 

1. Rhesus monkey kidney cell cullurc 

2. Human amnion cell culture 

3. Chick embrjo fibroblast cell culture 

Dtpoid cell strains . . 


J. WJ-38 

2 HL-8 
tuitions cell lines 
He La 
HEP-2 

3 KB 

4. McCoy 

5 Dctrou-6 

6 Chang C/l/L/K 


7 Vero 

8 BHK-21 


£ 


Human embryonic lung cell strain 
Rhesus embryo cell strain 

Human carcinoma of cervix cell line 
Human epithelioma of larynx cell line 
Human carcinoma of nasopharynx cell line 
Human synovt.il carcinoma cell line 
Sternal marrow cell line 
Human conjunctiva (C) 

Intestine (I), Liver (L) and 
Kidney (K) cell lines 
Vervet monkey kidney cell line 
Baby Hamster kidney cell line 


cancers, such as lleLu. HEp-2 and KB cell lines focal degenerat ion, a denovirus produces large 
have been used in laboratories throughout the granular clump s resembling bnnyhes of. gr apes. 
World for many sears.* These cell lines may h e "a nd SVan p roduc es prom inent cytopla smicaacu- 
m aintaincd by serial s tibcultivation or s tored in the olation . 

colcT J (j- 7ll J C) for use when necessary. Theyarc not w^TN Ietabolic inhibi tion' In normal cell cultures, 
used for the manufacture o f viral vaccin e s for the medium turns acid due to cellular mera- 
hnmiin.iLse.ns the ad ministration Qf v accines grown holism. "When viruses grow in cell cultures, cell 
incancer c ells is not conside red safest — metabolism is inhibited and there is no acid pr o- 

’ duction This can be made oufSy the colour of 

y Detecion of virus growth tit cell cultures : Virus iK* indicator (phenol red) incorporatedJn the 
* growth in cell cultures can be delected by the foJt medium 

lowing methods: — . ' ' xfb. Haemadsorption: When haemagglutinating 

.s^f. Cytopathic effect: Many viruses„cause mor- “viruses (.such as influenza and parainfluenza vir- 
phological changes in cultured cells in which they uses) grow in cell cultures, their presence can be 
grow These changes can be readily observed by indicated by the addition of guinea pig crythro- 
microscopic examination of the cultures These cytcs to the cultures. If the virusesare multiplying 
changes are known as ‘cytopathic effects’ (CPE) in the culture, the erythrocytes will adsorb on to 

and the viruses causing CPR are called the surface of cells. This is known as ‘haenrad - 

‘cytopathogenic viruses’. The CPE produced by sorption*. — 

different groups of viruses are characteristic and . ft. i nterferen ce: The growth of a noncyto- 

hvlpinthepresumpliveklcnlificntionofvirusiso- pjthogemc virus in cell culture can be tested by 
lutes. For example, enteroviruses produce rani d the subsequent challenge —with a known 

CPE <tltFtW rc n.it ion of ccllsja nd degeneration of cytopathogenic virus. The growth of the first 

t he entire ceifshce^neasies virus produces sy n- will inhibit infection by the second virus by intcr- 
evtium. formatio n . herpes virus c auses discre te fereBec. 
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.^/Transformation: Tumour forming (oncogenic) 
viruses induce ceil 'transformation' and loss of 
contact Inhibition, so that growth a pears in a 
piled-up fashion producing ‘m jerotump urs*. 

(^Immunofluorescence: Cells from virus infected 
cultures cm be stained by fluorescent conjugated 
antiserum and examined under the UV-mterosoope 
for Jhe presence of virus anttgen This gives posi- 
tive results earlier than other methods and. there- 
fore, finds wide application in diagnostic virology 

Viral assays j 

The virus content of a s pecimen can be assay cd in 
two ways: either wirtr reference to t h e total vims 
particles or with r e ference to th e infe ctious vir- 
tonsonly, Two methods employed fortotal pani- 
cle enu mera tion arc electron microscopy and 


hacmagglutination. By simple negat ive staining 
the virus particles in a suspension caji be cou nted 
di rectly un der' thVelectron mi croscope. The virus 
suspension can be mixed with a known concent- 
ration of latex particles. The ratio between the 
virus and latex particles under the electron micro- 
scope gives an indication of the virus count. With 
haemagglutinating viruses, a convenient method 
of quantitation is the determination of ‘haemag- 
glutinat ion hire s*. Hacmagglutination is not a] 
very sensitive indicator of the presence of smalin^ 
amounts of virus particles. Thu s, ap proximately* 
JO 7 influenza virions are reouj red to procude 
macroscopic agglutination of a convenient quan- 
tity of chicken erythrocytes, (0.5 ml of 0 5 per 
cent suspension). But because of its simplicity, 
h acmagglutination affords a very convenien t 
method of virus assa y. 



Fig. 48 4A. Normal vero cell monolayer. B. Vero cell monolayer infered with Coxsackie viru< B3. siained after 48 hoars 
hours C. Normal HeLa cell monolayer. D HeLa cell monolayer fn'ected *ilh Coxsackfe virus B3. stained after 48 
hours (Courtesy DR. J. Sftanmugam . Sri Chitra Tirunaf Medical Centre. Trivandrum) 
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Assay of infectivity Viruses that form pocks on CAM (e.g., vac* 

cinia) can be assayed by counting the number of 
Two types of i nfectivity as says can be carried out pocks formed on C AM by appropriate inocula of 
— q uantitativ e and quanta! assays . Quantitativ e virus. This is known as ‘p ock assa y*, 
assays m easure the actual number of infectiou s s* 

p article's In the inoculum whi le qu antal assa ys Viral genetics 
only indicate the p resence or absence of infec ti- 
o us virus es. By using senal dilutions of virus sus- Like all other ‘living beings, viruses obey the laws 

pensions and the aid of statistical methods, of genetics. Several properties of viruses, such as 

reasonably accurate estimates of infectivity can v irulence and antigenici ty, that are of great con- 
’ be obtained in quantal assays. cem to man in the context of infections at the 

Quantal assays of infectivity can be earned out level of the cell, individual_and community, are 

in animats, eggs or tissue culture. Examples of under genetic control. Genetic studies, there- 
endpoints used for infectivity titration are the fore, may contribute to better understanding of 
death of the animal, production of haemaggluti* virus host interactions and help in the develop- 
nin in allantoic fluid or appearance of CPE in cell ment ofbetter Viral vaccines.’ Genetic mechanisms 
cultures. The tit", is usually expressed as the *50 such as mutation and selection had been utilised 
per cent infectious dose 7 (iPsq) per m l, which in the past without recognising the biological 
indicates the highest dilutioriofthe inoculum that mechanisms involved^The development of the 
would produce an effect in 50 per c ent of animals, ‘ fixed’ rabies virus hv Pasteu r (1885) is a case in 
eggs or cell cultures inoculate ODsp i s calculated point. 

by the application of statistical methods, such as The two main mechanisms for genetic modifi- 
thatof Reedand Muench . cation in viruses are mutation and recom bina- 

The q uantitative infectivity assay of viruses is _tipn. In* addition, viruses may exhibit many 
similar to the estimation of bacterial viable counts "nonheritablc variations due to gene product 
by colony counting. Two methods are available — interactions. 
plaque assay in’monolaver cell culture and pock 
assay on chick embryo CAM . Plaque assay was. Mutatio n • The frequency of mutation in viruses is 

introduced in animal virology by Dulbecco (1952) about 10— »to KFj . approximately the same as in 

as a modification of the bacteriophage plaque bacteri a. Mutations, therefore, occur during 
assay. A viral suspension is added to a monolayer every - viral infcclioji. Most mutations arc letha l. 
of cultured cells in a bottle or Petri dish, and after A mutant becomes evident only if the mutation 
allowing time for absorption, the medium is confers some readily observable property or sur- 
removed and replaced with a solid agar gel, to vival advantage. Mutation may occur spontan e* 

ensure that the spread of progeny virions is con- ousjy or may be induced by- mutage ns, physical 

fined to the immediate vicinity of infected cells. In agents such as ir radiation or che mical age nts such 
this system, each infectious viral particle gives-rise. as 5-fluorouracil. - 

t o a localised focus of infected cells that can be seen TKtrmutant^ ma5"be of various types. Some 

wi th the naked eye. Such foci are known as ‘pla - mutations of clinical and laboratory interest are 
ques’ aqd each plaquemdicates an inf ectious viru s those affecting v irulence , host range, antigenicity 
(Fig. 48.5). Some viruses which arc transmitted and pock or plaq ue mor phology. A class of put- 
directly from ce ll to ce ll (e.g.. herpesvir u s! may , ants that are of great importance in laboratory 
form plaques even without an agar overlay, studies is the conditional lethal mutant. These arc 
Oncogenic viruses produce cell transformation mutants which are able to grow under c grtaincon.- 
which can be seen as mi crotumours . Hence they ditions (ca lled p ermissive conditio ns), but cannot 
can be enumerated by the ‘transf ormation assay'. grow underTcrt'^n^other^perificjLcQndiuons 
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Fig. 48.5 Plaque formation in monkey kidney cells by pofso- 

(called nonnermiss ivc or rgsirklivg-CnnditiQns). 
There are different types of conditional lethal 
mutants, but the types most widely employed in 
gene lie studies are the ‘t emperature sensit ive 1 (fs)- 
m utjjnts. These can grow at a low (permissive) 
temperature (28® lo 31*), but not at a higher (re- 
strictive) temperature (37°C). The advantage 
here is that by using a single selective test (temp - 
erat ure sensit ivity), large numbers of mutants 
withlesions in different ‘genes may be obtained. 
The tt mutants have not only contributed largely 
to fundamental studies on viral genetics, but also, 
because of their Jow virulence, offer prospects of 
better live viral vaccines. 


Recombinatio n: Genetic recombination may 
occur when t wo differen t, but related, viruses 
infect a cell simultaneo usly. The two viruses 
exchange segments of nucleic acid between them 


so that a hybrid resu lts, possessing genes from 
both parents. Such recombina nt s breed tru e 
t hereafte r. Recombinants may occur between 
1) t wo acti ve (infectious) viruses, 2) o ne active apd 
on eTnactlve vir us, and iftw o inactive v iruses.' 

When two. differem.strains of the same virus 
(such as v accinia or influenz a), possessing dis- 
tinctive marters^ (such "as Ipock morphology or 
antigenic properties) are gr own togeth er , recom- 
b inants may be derive d that possess the distinc- 
ti ve properties of both paren ts. Thus, if a human 
and an avian strain of influenza virus (whose 
haemagglutinin and neuraminidase antigens are 
different and easily identifiable) are grown 
together, a hybrid may be obtained with the 
haemagglutinin of one parent and the neura- 
minidase of the other. This has been demon- 
strated experimentally in vitro and in vivo. This 
may be one of the ways by which pandemic 
strains of influenza virus originate in natu re. 

* '\vficn a cell is ‘infected’ with an active virus 
and a different but related inactive virus, progeny < 
possessing one or more genetic traits of the inacti- - 
vated virus may be produced. This pheno menon , 
is called puss reactivation* or ‘marker rescue *. • 
New antigenic variants ot the innuenza virus ’ 
causing epidemics, often do not grow well in 
eggs as compared to established laboratory 
strains. When such an epidemic strain (e.g., 
strain A^) is grow n in eggs along witlh a standard 
strain (e.g .strain A n ) inactivated by UVirradia- * 
tion. a progeny may be obtained which has the 
antigenic characters of Aj but the growth charac- 
teristics of A„. This finds application in the man - 
ufac ture off fic in fluenza virus vac cines. 

When a cell is ‘‘infected* with a large dose (high 
i miltrphqiy) of_a_sinp lc_v(ni s inactivated by uV 
irradiating, live vims may be produced . The dif- 
f erent virions that cause multiple infection of a 
cell ma y have suffered damage to different gene s 
so that from the total genetic pool it m av be possi - 
ble to obtain _aj~ull complement of undamaged 
genes. Thi s expla in s how in fectious progeny can 
be produced. Th is phenomenon is calle dfniulij- ~~ 
pi icityreacttvanoril There is the potential danger 
of a multiplicity reactivation taking place follow- 



* multiply in a cell, some ‘mix up' may ta ke place 
d uring asscmWv , so that thegenome ol one virus 
may be surrounded by a capsid belonging partly 
or entirely to the other virus This is known as 
phenotypic mixin g This is not a stable variation- 
Upon subsequent passage, the capsid_wil_l be 
found to, be of the original Jype only. In 
nhenotymc- mixing, when the nucleic acid of one- 
virus is surrounded by the entire capsid of the 
other vitus. it is known as trgnscapvdatwn . When 
phenotypic mixing occurs between two enve- 
loped viruses, resulting in the sharing of peplo- 
mers between the two. mosaic envelopes result. 

! 

Genotypic mmng or heterozvgosTsjesults from_ 
thejncorporation of more than one complete 


i||lljlgg|glig 


ons nr subsequent infection bv another virusjhe 
most important mediator o f interTeffnce Js 'itt> 
terferon ’. a soluble cellular produ ct (descak£.d |n 
Chapter 49). I nterference ptay also heproduced 
by destructi on~of tell recepto rs by an active or 
inactive - virus, so that subsequent viral attac h- 
ment is not possible. Such ‘ viral attachment 
interferen ce/ is seen with m vx o vi rusp S— and . 
enterovtntSes for which cell receptors are impor- 
tant for initiation of infection. Another type of 
interference is ‘autointeifeience*. in which *a hi gh 
multiplicity of infection inhibits pro ductlQP-of 
infectious progeny. 
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Enhancement: Mixed infectin n_ of cells ma y outer coat, o ne or two lateral bodies and a core 
sometimes lead to increased virus vie lcLor.greater carrying a shfgle linear molecule of double * 
CPE. This is known as ‘enhancement.’ . One s tranded PN A»TM ujtjp|icai jpn and maturation -d 
mechnqiMTi ot enhan cement apnea7slo~b&~sinv~ take place i n^£vt opTa s m " T he family is divid ed ‘ 
pression of interferon. into several genera. 


Classification and nomenclature of viruses 


2 . Hernesviridae family : These are medium sized 
viruses containing li near double stranded DKA .^, 
TM ahput -IQ^lit tjgJiyag k nown of the basic Th yjcQsahedral nucieocaosid ( 11 ) 0 . nm) has 162^ 
properties ot v i rn sg g . 1 hey wgre nameeThapna- capsomcrs and is surrounded by a lipTd contanv 
zanlh^pased_on the diseases they caused or on the jng envelope. Multiplication takes pl ace in th e ■■ 
pl ace oftheir isolation. 'n ie ywer c grouped accord - n ucleus and maturation by budding through th e 

ing to a ssumed ‘tropisms’ o r af finity to~dilferen t nuclear membrane. Only one genus. Herpe\- 
systems or organs of the body. Thus humaimmses T*inis, has been characterised, but several mcm- 
werc classified as (fermotropic, i.e.. those-pro -' tiers of the family await classification, 
du ring skin lesions < e.g. - smallpox. chicken pox. . 

measles) ^neurotronic. i.e ., those^affect ing the Adennvindae family T hese are medium sized 
nervous system (e .g., poli omyelitis, rabies). (70-00 rim) nonenveloped . icosahedral viruses 
^neumotronig._i. e., thos e aff ectin g the respira- with 252 capsomers Members have been clas- v 
tor y tra ct (e.p.. influent common cold) a nd vis- sified mto tw o genera: 
gerotronic. i.e .Nhose affecting visceral organs %/ Mastadenovirus ( mammalian adenoviruses) 

(e.g., y ellow fever, hepatitis) . Bawdeu (Ijtfl) w Mr iadenovirm (adenoviruses of birds) 


made thepioneeringsuggcstion that adral nomen- . 
cl ature and classification should be based on t he Papovayindae family These are small (40-55 


pr opertlesdl viruses ari d pot upon host response s. 
Fr om the c.-irly IdMFs, viruses began to be elassi- 
fie d into ^ groups based on their physicochemical 
and^structural tejiures: flomenclature and ctassi- 


ficatioiT are now the^fficial responsibility of the 
International Committee on Taxonomy of Vir- 
uses. ' ■~ 4w ' * 

Viruses are classified int o^two main divisions 
depending on thiTTVTSc"ol n ucleic acid they posT 
sess: the ribovirusps arc ^n^e c a nlaioi a ^ RNA 
and the deoxvnbnvirnses are those containing 
DNA. ^ Further classificati on is based on other 
properties such, as the strandedness of nucleic 
arid, symmetry of nucleocapsid. presence of 


nm) no nenvelop 'ed. double stranded DNA vir- 
uses with 72 clpsomefs. Two genera have been 
recognised. 

Papdlomavirtis ( containing The Shope rabbit 
papilloma \ irus and related viruses) 

Pol\nn\avtrw>~ (containing mouse polyomas 
virus, SV 40 or vacciolatmg agent from monkey, 
B.K. an dj.C vi ruses from man an d related vi r- 
uses) _ 


5 /raTVoviTidae family . These are very small (18- j> 
a6^mnT oncnvelope d vimsc s "un p^imop. . ' 
Thejjenomc consists of (jnele stranded ON JV TTv , 
Three genera have beengr^untrca. ^fln minis, ■ 
Adenosatellavirus and Densovirus. 


envelope , si ze and shape ol sinorT an q numherj)/ 
capsomersT ^ Short descriptions of the major 
groups of viruses are given below. . >>* HepadnaviniUie : This consists of the human 

v v^ nepatins'tvpe b v irus an d related viruses of am- 

D.V'A t {ruses mafs and birds. The name comes from hepa — 




y liver.anddnafbrDNAcore.Thevirionfsspheri- 

' Poxviridae family: These are large, brick cal. 42 nm in diameter, consisting of a 27 nm core 
shaped or ovoid vir uses (3 00 x 240 x lOOnm). with surrounded by an envelope having virus specific 
complex' structure, having.. a lipid containing— antigens. _ 
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RN \ viruses 


sf. Ptcnrnnytnddc family : These are small (20-30 
^ n ru5tVc I op cci i cosahedra l - virus es with 
single s tranded RNA genome . Two genera have 
been recognised 

Enterovirus, includi ng polio, c oxasacki e. echo 
Sind seve ral oth er related^vimses. 

— ■ SRhinovinis . including huma n, bovine and 
equine rhinoviruses and foot and mouth- disease 
virus. ' 


ions, 90 - UX) nm. All arc arthropod borne vir- 
uses. Only one genus Bunyavirivs has been recog- 
nised, but a large number of groups and sub- 
groups arc included in the genus' such' as the 
Bunvamwcra group . arhovirusjnmip C. Cali for 
nia group and others. Other possible members 
include. Rift valley fever*, the Crimea-Conro 
haemorrhagic fever group, phlchotomus group 
and anopheles A and B group s. 1 -- - •» — * 


i Arennvindae family : Spherical or pleomorphic 
v-* viruses. 5(1-3011 nm. containing a number of elcc- 

r jr Orthomyxoviridae family. . These are medium ir on dense ribosomc-hkc narticles giving a sand y 
^sized (80-120 nm) spherical or elongated e nvelope d^ appearance. ( Hence the name; arena, meaning 


v iruse s carrying haemagglutinm and neuramini - 
^ase-pcrtbmereH»enome consists of single strande d 

t RNA in several (8) pieces._O nly one genus , Influ- 
enznvims. has been recognised. Influcnzavirus 
type^C possesses several distinctive features and 
may have to be separatedmto a new ge nus. 


' Ptirwnyxovindae f amily : Pleo morphic virio ns 


(150 nm) with li pid enve lope, havii 


nmjmu. vm uns ,y- 

ing surface pro-^v. _ 


sand in Latin) Members arc generally rodent 
parasites causing persistent infection in -the 
natural host, but capable of infecting man rarely, 
leading to severe hae"morrhagic illness. Only one 
genus Arenavirus has been recognised. Species 
include lymphocytic choriomeningitis virus. 
Lassa and members of theTacaribc comple x. 


jections. G enome is unsegmented single strande d 
l inear RNA /1 hree genera havebcen recognised* 
Param\xourm . consisting of Newcastle dis - 
ease virus, mumps vir us and p arainfluen za vir- 
uses ol man, other mammals and’birds 
Morbilltvirus, containing measle s. canmc.dis- 
temper, ri nderpe st and r elated viruses 
Pneumovirtis . containing r espiratory syncy tial 
v irus of m an and rel ated viru ses 
jd To pavindnc family . These are spherical vir- 
uses, 40-7U nm, with lipoprotein e nvelope and 


Rhabdoviridae family . Bullet shaped viruses 


130-300 nm long and 70 nm wide, with lipopro- 
tein envelope carrying peplomcrs. Two genera 
have been recognised. J “ 

Vesiculovirus , containing vesicular stomatitis 
virus, Chandinnra viru s (isolated from man in 

India) and related species. 

Lyssavirus, containing (fntbiey virus and 
related viruses such as Lagos bat. Mokola. 

Duvenhage and olhers. 

Other genera* have been suggested to include 
rhabdoviruses of insects and plants.” 


si ngle stranded.RN A genom e. Most member fS.jl SReoviritlae family; Ic osahcdral/nonenvclopcd 
multiply in ari hropodsa is well as in verte brate s, 'viruses, 60-80 nm in sizc.havineuoubIc layered 




capsids. Genome 'consists of nlouhlc stranded 
RN A in 10-12 pieces. Three genera have beep 
rec ognised . 

' •Reovtrus ^ containing reoviruses from man, 
other mammals and birds. 

Qrbivirus, containing several species of arbo- 
viruses such as blue tongue viru s. African horse 
sickness virus and Colorado tick fever virus. 
Rotavirus including human rotaviruses, calf 
nunyavindaejamily : Spherical , enveloped vir— ^diarrhoea virus and related agents. Other genera 


Four genera have been described 
Alpha virus, consisting of viruses formerly clas- 
sified as gro up Aiirhovir dses, 

Flavtvirut. consisting of viruses formerly jrlas- 
sified as Group B arbovi ruses . _ 

Ruhmrits. consisting of rubella virus. 
Pestivirus, c onsisting of mucosal disease virus, 
hog cholera virus and related viruses. 
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may have to be defined to include plant and insect 
viruses belonging to this family. 




-'’V' 


v?T Coronaviridae family : Pleomorphic enveloped 
viruses around 100 nm. with unique chib, sh aped 
peplomers projecting as a fringe from the surface, 
resembling the solar corona (hence the name). 
Only one genus, Coronavirus has been recog- 
nised. Members include human corona -viru ses 
causin g, upper respiratory disease , avian infectious 
bronchitis virus, calf neonatal dianhoea corona 
virus, muring Hepatitis viru s and related viruses 


The term ‘ yweid ’ has been introduced by Diener 
(1971) for a new class o f subviral agents ch arac- 
terised by the apparent absence of an extrac plln. 
Jar-dormant phase fvirionl.and by a genome 
" much smaller than those of known viruses. The 
intective^agent is a nroteip Tree, low molec ular' 


'Uk ^etrnviririapin m ily; (Re = reverse, tr = trans- 


criptase) These *are 


. tumour viruse; and 
related agents. Virions are icosahedra! about l(X)nm. c . 

with lipoprotein envelopes. Characteristic fVrUmj 'p 
biochemical feature is the presence o f RN A depen- 
dent DNA polymerase (reverse transcriptase^ 
within the virus. Three subfamilies are recognised. 

Oncovirinae, the RNA tumour virus group. 

Spumivirinac ^ the foamy virus group (Spumo 
= foam)] 

Leniivirinne, ( Lend — slow) visna and maedi 
viruses of sheep belonging to the slow virus 
group. 


vents/ but sei 

m the potato spindle tuber disease, viroids have 
been shown to cause some other plant diseases 
also. It is possible that the causative agents of 
some animal and human diseases may turn out to 
belong to the class of viroids. 




Yet another unconventional, virus-like agent has 
been described recently (1982), The causative 
agent of _scrapie and Cruetzfeldt-Jacobjdisease 
has been shown to be a ynall particle (MW, 
,50.000 and probably 4-6 nm diameterl , Avit lunp 
detectable.Jiucleic_-acid j jesistant to_ heat 
(90*1 !or~ three minutes }*JjV rays and nucleases, 
and senririve^t^proteaseS ^ThznT a^e ‘pnon* has 


Seen "proposed tor mis class o fj’moteinacfinus) 
'A yTnYtrivmdne ; These are naked spherical par- ^Infectious parodies] It has been suggested that 
tides (35-39 nm) with 32 cup shaped depressions ^~prions may~be responsil 
arranged in isosahedral symmetry. 


“tons maylie responsible for the more chronic 
neurological degenerative diseases of man also. 


Farther Reading; 


Dimack.N a nd PnrnfW. 1_. 1987. Introduction 10 Mtde m Virology 3rdEdn ©*f#rd. Blackwell. 

Pnuiner.S.B. 1984. Pnans.Srienn/icAmenain. 25 1 .48. 

White, D.© and Fenner, F, 1986 Medical Virology. ^rd Edn New Y«k: Academic Press. 

Wilsan.G S Miles A and Parker. M.T. 1984, Topley and Wilson's Principles of Bacteriology, Virology and Immunity. 7lh Edn 
Val. 4. Landan: Edward Amald. 





49 


Virus Host Interactions: 
Virus Infections 


Virus host interactions nuv be considered .it dif 
ferent levels — at the level of the cell, the mdi- 
v idtial and the community 
At the cellular level, virus infection may cause 
« broad spectrum ot effects, ranging from no 
apparent cellular damage to rapid cell destruc- 
tion Some viruses (c g., poliovirus) cause cell 
death (cytocidal effect) or even lysis (cytolysis). 
Olheis m.i) cause cellular proliferation (e.g.. tnol- 
luscum contagiosum) or malignant transforma- 
tion (e.g . oncogenic viruses). In some instances 
the virus and host cell enter into a peaceful co- 
existence. both replicating independently with- 
out any cellular injury, a condition known ns 
steady state infection. In ‘tissue culture. ‘virus 
infection may lead to readily 'observable cellular 
changes (cytopathic effects) These may not 
parallel the changes produced in the infected jni- 
m, il, as in the latter situation infection is influ- 
enced. by the various defence mechanisms of the 
bod) 

Cellular injury may be due to a number of 
causes. Early or nonstructund viral proteins 
often cause a shut down of host protein and DNA 
synthesis. Large amounts of viral macro- 
inolocules that accumulate in the infected cell 
may distort the cellular architecture and exert a 
toxic effect The permeability of plasma mem- 
branes mj) be altered, releasing lysosomal 
enzymes and lead to autolysis 

Many viruses produce alterations in the cyto- 
plasmic membrane of infected cells Some (e.g.. 
respiratory syncytial virus) cause fusion of adja- 
cent cell membranes, leading to poly karyucytOMs 


or syncytium lormation. Virus coded antigens, 
may appear on the surface of infected cells These 
antigens may confer new properties on the cells. 
For example, viral hacmaggliilinin appears on 
* the surface of cells infected with influenza virus 
and causes adsorption of erythrocytes to the cell 
surface (hacmndsorption). Virus coded antigens 
also appear on the surface of cells transformed by 
oncogenic viruses 

Certain viruses such as measles, .mumps, 
adenoviruses, cytomegalovirus and varicella 
cause damage to the chromosomes of host. cells 
Chromatid gaps and breaks in chromosome 17 
occur frequently in cells infected with adenovirus 
types 12 and 3 1. 

. The most characteristic histological feature in ’ 
"'Virus infected cells is the appearnce of inclusion 
bodies Imlminn bodies are structures with dis- 
tinct size, shape, location and staining properties 
that can be demonstrated in virus, infected cells 
under the light microscope. They may be situated 
in the cytoplasm (c g.,po\viruscs), nucleus (c g . 
herpesviruses) or^ydj (e.g., measles virus). They 
arc generally acidophilic and carTbc seen as pink 
structures when stained with Gicmsa>,or eosin- 
methylcnc blue stains Some viruses (e.g-. 

Demonstration of inclusion bodies helps in the 
diagnosis of some virus infections. 1 lie presence., 
ofintracytoplasmic eosinophilic inclusions ( Negri 
bodies) in the brain cells of animals justifies the 
presumptive diagnosis of rabies Vaccinia 
infected cells show rather smaller multiple inclu- 
sions known as Guarm’cri bo dies. Large inclu- 



VIRUS MOST IN fTR ACT IONS VIRUS INFE.CTK»NS 


* + 


437 


sions ^BolUpger bodies) arc seen in fowlpox. 
Inclusion bodies in rnolluscum contagiosum (mol- 
l uscum bodies) arc s'efy large (20-30p.) and can 
be readily seen under the low power microscope 
Intranuclear inclusion bodies were classified into 
two types by Ccnvdry (1934). Cow dry type A 
inclusions arc of variable size arid granular* 
appearance (c.g., herpesvirus, yellow fever 
vims), while type B inclusions are more cir- 
cumscribed anuoUen multiple (c.g.. adenovirus . 
poliovirus) . I nclusion bodies may be crystalline 
aggregates of virions o r made up of virus antigens 
present at tbe site o f vims synthesis Some inclu- 
sions represent degenerative changes produced 
by virus infection which confer altered staining 
propcrtieson thcccll. 

- 4 , 

Pathogenesis or virus Infection 

Depending on the clinical outcome, virus infec- 
tions can be classified as inapparent (subchnical) 
or apparent (clinical or overt) infections. The lat- 
ter may be acute, subacutcor chronic Some virus 
infections arc characterised by latency. Latent 
infections are of different types. Recurrent herpes 
simplex and herpes zoster arc examples of latent 
infections in which clinical manifestations appear 
after prolonged periods of quiescence during 
which the viruses remain hidden in the nerve root 
ganglia. Another type of latent infection is persis- 
tent tolerant infection in which the virus is readily 
demonstrable in the tissues of the host, but 
neither disease nor immune response develops. 
The host is immunologically tolerant to the virus 
as a result of congenital or neonatal infection. 
Disease sets in when the tolerance is interrupted. 
The classical example of persistent tolerant infec- 
tion is lymphocytic choriomeningitis of mice. 
Another type of latent infection is seen in 
neurological diseases such as scrapie in the sheep 
and huru in man . This is called slowly progressive 
or slow infections as the incubation period is 
unusually long. Yet another class oflatent infec- 
tions is infection by oncogenic viruses. 

Viruses enter the body through the respiratory 
tract, the alimentary tract, shin, conjunctiva and 
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the genital tract. Many viruses are transmitted 
vertically from parent to progeny. 

The respiratory tract offers the most important 
portal of entry for viruses. A large number of vir- 
uses are able to infect the cells of the respiratory 
tract. Some of them multiply locally to initiate a 
silent local infection which is followed by lympha- 
tic or haematogenous transport to other situations 
where more extensive multiplication tahes place 
before systemic illness is manifested. Smallpox 
and chichcnpox are examples of such systemic 
diseases in which the portal of entry is the 
respiratory tract. Other viruses, such as influenza 
and rhinoviruses arc restricted to the respiratory 
tract where they multiply and produce local dis- 
ease These arc known as respiratory viruses. 

■ Next to the respiratory tract, the alimentary 
tract is the most important route of entry for vir- 
uses. But only some viruses are able to establish 
infection in the intestines. All enveloped viruses 
arc destroyed by bile. Rhinoviruses are inacti- 
vated by gastric acidity. Only enteroviruses, 
adenoviruses, reoviruses, hepatitis viruses and 
the viruses causing gastroenteritis are able to set 
up intestinal infection. Some of these (c.g., gas- 
troenteritis viruses) remain confined to the gut 
causing local disease. Others (e.g., poliovirus) 
after initial multiplication locally, are transported 
to other sites for further multiplication and sub- 
sequent spread to the target organs. 

Of the viruses that enter through the skin, only 
3 few produce local lesions. Papilloma, vaccinia, 
cowpox, rnolluscum contagiosum and orf are 
probably the only viruses that produce dermal 
lesions at the site of entry. Skin lesions of exan- 
thematous virus diseases are secondary to sys- 
temic infection. Viruses enter the skin through 
abrasions (eg., papillomavirus), insect bites 
(c.g., arboviruses) animal bites (e.g.,jabies) or 
injections (e.g., type B hepatttis). Systemic 
spread occurs through lymphatics ■ or blood. 
Rabies virus travels along the nerves to the spinal 
cord or brain. 

Conjunctiva also may act as a portal of entry 
for viruses. This may lead to local disease (e.g., 
adenovirus) or to systemic spread (e.g.. 
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measles). Some viruses may enter through the 
genital tract or other sites of sexual contact (e.g., 
HIV). 

Congenital infection may occur at any stage 
from the development of the ovum upto birth. In 
acute systemic infection (e.g., smallpox), con* 
genital infection usually leads to fetal death and 
abortion. Rubella and cytomegalovirus produce 
maldcvclopmcnt or severe neonatal disease. 
Immunological tolerance is not established in 
human congenital infections, in contrast to lym- 
phocytic choriomeningitis «n mice. Vertical trans- 
mission is the natural mode of spread of many 
tumour viruses. The avian leukosis virus is trans- 
mitted in ovo and murine mammary tumour virus 
through breast milk. 

Spread of virus In the body 

The manner in which the infecting virus spreads 
from the point of entry, multiplies in sites of elec- 
tion and causes lesions in target tissues was first 
studied by Fenner (1948) using mousepox as the 
experimental model (Fig. 49.1). The mousepox 
virus enters the skin, where it multiplies initially 
and proceeds along the lymphatics to the local 
nodes. After multiplication in the lymph nodes, 
the virus enters the bloodstream (primary vir- 
aemia) and is transported to the spleen and liver 
which act as the ‘central foci' for viral multiplica- 
tion After extensive multiplication in the central 
foci, there occurs a massive spillover of the virus 
into the bloodstream (secondary viraemia). This 
heralds the onset of clinical symptoms (the pro- 
dromal phase in eruptive fevers). The virus 
reaches the target organ (skin in eruptive fevers) 
through the bloodstream. Multiplication in the 
target sites produces the distinctive lesions. With 
minor modifications, this model holds good for 
most systemic virus diseases. The reasons for the 
difference in foci of multiplication and target 
organs in the case of different viruses are obscure. 

Significance of the Incubation period 

The incubation period represents the time taken 


for the vjrusto spr ead from the site of entry to the 
organs of viral multiplication and thence to the 
targe t org a ns for the production of lesions. Its 
duration is, therefore, influenced bythe relation 
between the sites of entry, multiplication and 
lesions. Where the site of entry and site of lesion 
are the same, the incubation period is short — 
one to three days as in respiratory virus infections 
and in gastroenteritis. In systemic diseases where 
the virus enters through the respiratory or alimen- 
tary tract and produces lesions in remote target 
sites, the incubation period is long — 10-20 days, 
as in small pox or chickenpox . There are, how- 
ever, exceptions to this rule, fn n rfrovi'rns dis^ 
cases, as in ve Uow JeygLor-dcngue, the incuba- 
tion period may be shorter (5*6 days)', probably 
because the virus is introduced directly into the 
hloodstr_e.a m_.bv the inse ct vectors . Papillomas 
a rnTmolIuscum cohtagiosum ~h avc long incuba- 
ti prTperio ds, proba bly because the virusesjn uilE? 
pl T slowly - . The reason for the unusually pro- 
longed incubation period of slow virus infections 
is not known. 

Host responses to virus Infections 

The outcome of a virus infection is influenced by 
the virulence of the infecting strain and the resis- 
tance offered by the host. Mechanisms of host 
resistance may be immunological or nonspecific. 
The latter includes various genetic and physiolo- 
gical factors such as interferon production, body 
temperature, nutrition and hormones. 

I mmunity in virus infections : Virions in general 
a re good antigen s and in duce bo th hnmnraLana 
cellula r immune responses . The nudtipjicalion-of 
a virus in the body during infection induces not 
only a quantitatively greater immune response, 
but also liberates and malt*-; available to the 
im mune s ystem .th e ,who l e range of vmisj mlb 
gens^_i ndudinp surface a nd internal antigenS-SS 
well as the nonstructural antigens such as early 
proteins. 

In mediating humoral antiviral immunity, the 
important classes of antibodies ar e IgG, IgM and 
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Fig. 4V I l*atlwcencM<of mousepox — a model for acute exanthemata of man (After Fenner) 
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IgA. I gG and IgM play a major role in blood and 
tissue' space s while Ig A is more important on 
mu cosal surfaces. A ntibodies effect virus neut- 
raljiatlaiilby severs 1 mechanisms. They may pre - ,~-fn: 
vent adsorption 'of the virus to cell receptots /v ) 


antiviral activity of humoral immunity is evident 
from the efficiency of maternal antibodies and of 
passively administered gamma globulin to prevent 
lany virus infections. 

The earliest indication of cell mediated 


c ause enhanced v iniS-xlcgradaUtm. or prevent ^immunity in virus infections was the demonstra- 
r eleasc of the progeny v irus from infected cells i^jion oi delayed hypersensitivity following vacci- 
Complement may act in conjunction with nation in immune individuals. Similar skin reac- 
antibodies in causing s urface damage to tibtivitv is also seen in mumps. The normal resis- 
enveloped virions-a nd in producing cvtolvsis ofT fl mncc to virus ..i nfections shown by agamm a.- 


virus infected cells. 

Not all antibodies are able to neutralise virus 
infcctivity. Antibodies to internal a nilgens-are. 
n on-neutralising . Antibodies to surfac e antigens 
vary in Jhcirjcutralismglability, For instance, 
two types of surface antibodies appear following 


‘giobuhnaemics is ascribed to their cell mediated 


immunity. Individ uals with deficient cellular 


immunity show a heightened . « 
i nfection by herpes, pox and measles viruses -T he 
administration of antilymphocyte serum induces 
fatal infection in mice injected with a sublcthal 


influenza infection — antihncmanglulinin and . .dose of ectromelia virus. Cell mediated immun ity 
sc ns 


The former can neutralise 
infectivitV L. but the latter cannot. Antincura- 
mimdasc , an tibody can. however, inhibit the 


i s considered to play a m ajor role in recovery 
from vin is_jnf ections in whi ch vintcmia is noL 
i mporta nt and in which infected cells have vjo is. 
lecific antigens on their surfac e. In s ome virus 


r elease of nrogenev virions from infected cells 

Some antibodies can paradoxically enhance viru^?jhfections cell mediated immunity m ay contn- 
) infcctivity. Humoral antibodies may sometime* ' 


actually contribute to pathogenesis. Antibodies 
may cause co mplement depen dent iniurv to cells 
or induce an immune complex type of tissue 
injury The enhanced severity of respiratory syn- 
cytial virus infection in earlyin fancyis belieyedtp 
beduc tojhc presence of passivcIy_acquircrLmat- 
crnaLantihodics-In older children who have no 
antibody, the virus c auses a milder disease. The 
pathogenesis of some viral haemorrhagicTeversls 
believed to be immunological thrombocytopaenia. 
Most extrahcpatic lesions of serum hepatitis are 
due to damage caused by immune complexes. 

It has been proposed that hymraaL antibodies 
may not be important m the p rotection against 
virus infections. This view is based largely on the 
observation that patients with agamma- 
globulinacmia are able to present a normal resis- 
tance to virus infections, in contrast to their 
extreme susceptibility to bacterial infections.* 


bute to tissue damage, as tor example in iym- 
phocytic choriomeningitis in mice. 

Some viral infections cause a sup pression o f 
the immune respons’eTMcasles infectiotn nducgs. 
a temporary depression of delayed livncrsc aSllli 
vi ty to tuberculin . Infecti on of adult miccj *ll!]_ 
lymphocytic choriome ningitis or kukaenua 
viruses InhlHifs ah ii hotly respons e tootficr-anti- 
gens. 

In general, virus infections are follow'd! b> 
solid immunity to reinfection, which ma yinsom? 
cases be lifelong. Apparent exceptions like the 
common cold and inlluenza are not due to lack of 
immunity but to reinfection being caused by anti- 
genically different viruses. Live virus vacd flgS. 
als o induce mor e dura ble protection than bac t£.~ 
rial_vacciD£S,- r 


Nonimmmohgical responses: Phagocytosis: 
Polymorphonuclear leucocytes do not play any 


Tins observation may not be entirely valid, since - significant role in the defence against virus infec- 
even agammaglobulinaemic individuals produce lions. In fact, more virus diseases are charac- 
small amounts of antibody which may be sufficient terised by a polymorphonuclear Icucopaenia. On 
to afford protection against virus infections. The the other hand, macrophages phagocytose vir* 
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uses and are important in clearing viruses from 
the bloodstream. 

Body temperature: Fever may act as a natural 
defence mechanism against virus infections as 
most viruses arc inhibited by temperatures above 
3 9 9 C. An exception is herpes simplex which is 
u sually reactivated by fever to produce •fever 
bfisterTT Herpes febrihs is afrequent accompani- 
ment of fevers caused by pneumococci, strep- 
tococci, influenza virus and malaria parasites but, 
for some unknown reason, is very rare in other 
fevers (smallpox, typhoid and tuberculosis). 

Hormones: Corticosteriod administration en- 
hances most virus infections. Coxsackie virus B1 
does not normally cause disease in adult mice, 
but will induce a fatal infection in mice treated 
with cortisone. Normally mild infections such as 
varicella and vaccinia may be lethal in patients on 
cortisone. Injudicious use of steroids in the treat- 
ment of herpetic keratoconjunctivitis may cause 
blindness. The particularly severe course of many 
virus infections in pregnancy may be related to 
the hormonal changes associated with pre- 
gnancy. The deleterious effect of cortisone may 
be due to its depression of the immune response 
and inhibition of interferon synthesis. 

Malnutrition: Some virus infections, such as 
measles, produce a much higher incidence of 
complications and a higher case fatality rate in 
malnourished children than in well fed patients. 

Age: Most virus infections are commoner and 
more dangerous at the two extremes of age. A 
notable exception was the influenza pandemic of 
1918-1919 which caused the highest fatality in 
young adultJFJfSt 

UWterferohrTsaacs and Lindenmann (1957) 
observed that chick chorioallantoic membrane 
fragments treated with live or inactivated 
influenza virus produced a diffusible antiviral 
substance which" rendered cells resistant to virus 
infection. They gave the name interferon to this 
antiviral substance. It was subsequently found 
that interferon production is a natural defence 
mechanism possessed by vertebrate cells against 
virus infection. 

Interferons are a family of glycoproteins pro- 


duced by cells on induction by viral or nonviraj 
inducers. Interferon by itself has no direct action 
on viruses, but it acts on other cells of the same 
species, rendering them refractory to virus infec- 
tion. On exposure to interferon, cells produce a 
protein (‘translation inhibiting protein’, TIP) 
which selectively inhibits translation of viral 
mRN A, without affecting cellular mRNA. It has 
also been suggested that inhibition of viral trans- 
cription may also be responsible for the antiviral 
activity of interferon. 

Interferons are species specific, in that interfe- 
ron produced by one species can protect only cells 
of the same or related species against viral infec- 
tions, but not cells of unrela ted species. Thus, the 
antiviral effect on humancellsisshownbyhuman 
interferon, and to some extent by monkey 
interferon, but not by chick or mouse interferon. 
The activity is not virus specific. Interferon 
induced by one virus (or even by nonviral indue- 
ers) can confer protection against infection by the 
same or unrelated viruses. However, viruses vary 
m their susceptibility to interferon. Viruses also 
vary in their capacity to induce interferon, cyto- 
cidal and virulent viruses being poor inducers and 
avirulent viruses being good inducers. Examples 
of potent inducers are togaviruses, vesicular 
stomatitis virus, Sendai virus and NDV. Nucleic 
acids (e.g., double stranded RNA) and some 
synthetic polymers (e.g.. Poly I:C) are particu- 
larly efficient inducers. Interferon production is 
increased by increasing the temperature upto 
about 40°C and is inhibited by steroids and 
increased oxygen tension. Interferon synthesis 
begins within apmir an hour o f induction and 
r eaches high lev els in 6-12 hours . Cellular trans- 
cription and protein synthesis are necessary for 
interferon production. 

.Based on antigenic characters, cell of origin 
and other properties, interferons have been clas- 
sified into three types — alpha, beta and gamma. 
The abbreviation IFN designates interferon and 
species of origin is indicated as a prefix — for 
example, human interferon alpha is usually 
abbreviated as Hu IFN. 

Alpha interferon (formcrely known as type 1, 
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leucocyte or Le (IFN) is produced by B lympho- promised hosts. Some encouraging results have 
cytes or macrophages on stimulation by suitable been reported in the use of interferon as an anti- 
viruses. Atleast 16 antigenic subtypes have been cancer agent, particularly in lymphomas, but 
identified. there have been reports of toxic effects in cancer 

Beta interferon (formerly known as type I. fib- patients given high doses of interferon, 
roblast or F IFN) is produced by fibroblasts or Although interferon was first recognised as an 
epithelial cells on stimulation by viruses or antiviral agent, it is now known to be a more gen- 
polynucleotides. eral regulatory peptide belonging to the class of 

Gamma interferon (formerly known as type II. cytokines. The main biological effects of inter- 
immune or I IFN) is produced by T lymphocytes ferons are the following: i 

on stimulation by antigens or mitogens. 1. Antiviral effects: Induction of resistance to 

Interferons are inactivated by proteolytic infections. . ] 

enzymes, but are unaffected by nu cleases and 2. Antimicrobial effects: Resistance to intraccl- 
lipases. They withst and heating at 56-60° C for lular infections, e.g., toxop]asmay£hlamydia, 
30-4)0 minutes andiue stable over a wide range of malaria. ^ 

pH (2-10), except gamma interferon which is 3. Cellular effects: Inhibition of cell growth and 
labile at pH 2.0. They are nondialysablc and not proliferation ; and of DN A and protein synthc- 

scdimentedbycertifugation at lOO.OOOgforseve- sis; increased expression of MHC antigens on 

ral hours. Estimates of their molecular weight cell surfaces. > 

have ranged from 12,000 to 100,000. This varia- 4 Immunoregulatory effects: Enhanced cyto- 
tion is probably because interferons occur in toxic activity of NK, K and T cells; activation 

polymeric forms, the monomer having a MW of of macrophage cytocidal activity; modulation 

12,000 They are virtually nonantigenicso that no of antibody formation; activation of suppres- 

scrologic method is available for their detection sorTcclIs; suppression of DTH. ' 1 

and estimation Interferon assay is based on its * 

biological activity, as for example its ability to ^.^aboratory diagnosis of viral diseases 
inhibit plaque formation by a sensitive virus. 

Many properties of interferon make it an ideal Technical difficulties in virus isolation and iden- 

enndidate for use in the prophylaxis and treatment tification, the length of time required for these 

of viral infections; it is nonto.xic, nonantigenic, procedures and the lack of specific therapy for 

diffuses freely in the body and has a wide spec- virus infections have contributed to the sparse 
trum of antiviral activity. The only drawback ini- use of diagnostic virology till recently. The situs- 

tially was its species specificity so that interferon tion has changed in recent years. With the 

produced by nonhuman cells was not clinically development of rapid techniques for the diag- 

uscful. This was overcome to some extent by pro- nosis of many virus infections and the availability 
ducing interferon from buffy coat and leucocytes of specific drugs against at least a few viruses, 
from blood banks, with NDV or Sendai virus as diagnostic virology is fast becoming a routine 
inducer. Now. human interferon is available in procedure. 

unlimited quantities following its commercial The demonstration of virus infection in 
productionbycloninginbactcria.Butcvenso.its selected groups of persons (screening) is an 
initial promise as an antiviral agent has not been important procedure in the prevention of some 
fulfilled. Local application of high doses has diseases (e.g., screening for HBV and HIV in 
shown som& benefit against upper respiratory blood donors). Aetiological diagnosis of virus 
infections, herpetic keratitis and genital waits, infections is useful in many ways. It is of vital 
Limited success has also been reported against importance in some cases, as in rubella in pre- 
generalised herpes infection in immunocom- gnant women. It helps institution of early specific 
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therapy as in herpetic lesions of the eye. It serves 
to define the aetiology of V3gue syndromes such 
as ‘upper respiratory infection’ or ‘aseptic menin- 
gitis’. It is essential for the detection and predic- 
tion of epidemics and the identification of anti- 
genic variation in viruses. It is invaluable in the 
prompt control of outbreaks. It may lead to the 
discovery of new virus infections. 

Successful diagnosis of virus infections depends 
as much on the awareness of the physician as on 
the capability of the virus laboratory. The appro- 
priate specimens should be collected from pat- 
ients, preserved and transported to the labora- 
tory in the proper manner along with pertinent 
clinical and epidemiological information (Tabic 
49 I). 

In the laboratory, the following methods are 
commonly employed: microscopic demonstra- 
tion of the virus or its inclusion body, demonstra- 
tion of the virus antigen, isolation and identifica- 
tion of the virus, or detection of the specific anti- 
body. 

L Microscopy : The demonstration of virus 
elementar y bodies by examination of stained 
smears is now seldom employed. The detection 
of virus by electron microscopy is being used 
increasingly. In some diseases, it used to be the 
only diagnostic method (e.g., v iral diarrho ea). 
Demonstration of the inclusion body is a routine 
diagnostic methodTor rabies m dogs The micro- 
scopic diagnosis of rabies has been rendered very 
sensitive by fluorescent antibody techniques. The 
use of direct and indirect fluorescent antibody 
techniques for the examination of material from 
lesions, asAvell as for the early demonstration of 
viral antigen in tissue cultures inoculated with 
specimens has enlarged the scope and greatly 
increased the speed of virus diagnosis. 

2. Demonstration of virus antigen: In cases 
wherevtrus antigen lObmdimrinThc IcsioipT, its 
demonstration by serological methods such. as 
prec ipitatio n in gel or immunofluorescence offers 
a rapid method oT diagnosis. Highly s ensitive 
serological tests such as counterimmuno- 


elcctrophoresis, radioimmunoassay and enzyme 
linked immunosorbent assay have found wide 
application in diagnostic virology for the detec- 
tion of viral antigens in clinical samples. 

3. Isolation of virus: This is the commonest 
technique used in the diagnosis of virus infec- 
tions. For virus isolation it is imperative that the 
specimen be collected properly and transported 
with least delay to the laboratory. As most vir- 
uses are heat labile, refrigeration is essential dur- 
ing transport. The methods used for isolation 
depend on the virus sought. In general they con- 
sist of inoculation into animals, eggs or tissue cul- 
ture, after the specimen is processed to remove 
bacterial contaminants. The isolates are iden- 
tified by neutralisation or other suitable sero- 
logical procedures. It has to be emphasised that 
the mere recovery of a virus from a patient docs 
not justify the assumption that it is the causative 
agent of the patient’s illness. Many viruses (e.g., 
adenoviruses, enteroviruses) are frequently 
found in normal individuals. The results of iso- 
lation should always be interpreted in the light of 
the clinical datp, Demonstration of an immuno- 
logical response to the virus isolate in the patient 
during the course of the disease reinforces the sig- 
nificance of the isolation. 

4. Serological diagnosis: The demonstration of a 
rise in litre of antibodies to a virus during the 
course of a disease is strong evidence that it is the 
aetiological agent. For this, it- is essential to 
examine paired sera, the ‘acute’ sample collected 
early in the course of the disease and the ‘conva- 
lescent’ sample collected ten to fourteen days 
later. Examination of a single sample of serum 
for antibodies may not be meaningful The 
serological techniques employed would depend 
on the virus, but those in general use are neutrali- 
sation, complement fixation, ELISA and haem- 
agglutination inhibition tests. 

Immunoprophylaxis of virus diseases 

Prolonged and effective immunity is a charac- 
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teristic of most virus infections. Viral vaccines 
also confer solid protection and are, in general, 
more effective than bacteria! vaccines. Viral vac- 
cines may be live or killed (Table 49.2). Live vac- 
cines are more effective than killed vaccines (e.g., 
smallpox, yellow fever). The smallpox vaccine 
has been used as the sole tool for the global eradi- 
cation of the disease. The earlier live vaccines 
were developed empirically from natural viruses 
(e.g. , J enner’s cowpox vaccine) or by attenuation 
by serial passage (e.g., yellow fever vaccines). 
The basis of the latter technique was an uncon- 
scious selection of avirulent mutants. With the 
development of more precise genetic techniques, 
live vaccines have been developed by plaque 
selection (e.g, Sabin vaccine for poliomyelitis) or 
from ts mutants (e.g., influenza). A more recent 
method has been the development of vaccine 
strains with the desired antigenic characters by 
recombination (e.g., influenza). 

Killed vaccines have been prepared by inac- 
tivating viruses with heat, phenol, formalin or 
beta propiolactone. Ultraviolet irradiation ts not 
satisfactory because of the risk of multiplicity 
reactivation. Thd reactogenicity of killed vac- 
cines has been attempted to be reduced by the 
purification of the viruses. Adverse reactions 
may be reduced also by the use of ‘subunit vac- 
cines' in which the virus is split by detergents or 
other chemicals and only the relevant antigens 
incorporated in the vaccine. 

Live vaccines have the following advantages: 
A single dose is usually sufficient. They can be 
administered by the route of natural infection so 
that local immunity is induced. They induce a 
wide spectrum of immunoglobulins to the whole 
range of viral antigens. They also induce cell 
mediated immunity. They provide more effective 
and more lasting immunity than killed vaccines. 
They can, in general, be prepared more economi- 
cally and administered more conveniently, espe- 
cially for mass immunisation. They have the fol- 
lowing disadvantages. There is a risk, however 
remote, of reversion to virulence. The vaccine 
may be contaminated with potentially dangerous 
viruses such as oncogenic viruses. The virus may 


spread from the vacrinees to contacts. While this 
is a serious danger in some situations (as in 
rubella, if the vaccine strain is teratogenic), in 
other cases, it may even be an advantage (as in 
poliomyelitis where the range of vaccination is 
extended by the natural spread of the vaccine 
virus among children and adults). Interference by 
preexisting viruses may sometimes prevent a 
good immune response following live vaccina- 
tion. Live vaccines are heat labile and they have 
to be kept under refrigeration. Some live vac- 
cines may cause local and remote complications 
(e.g., smallpox vaccine). 

Killed vaccines have the advantage of stability 
and safety. They can be given in combination as 
polyvalent vaccines. There is also no danger of 
the spread of the virus from the vaccinee. The dis- 
advantages are that multiple injections are 
needed and that local immunity and cell 
mediated immunity are not induced. 

Passive immunisation with human gamma 
globulin, convalescent serum or specific 
antiserum gives temporary protection against 
many virus diseases such as measles, mumps, and 
infectious hepatitis. These are indicated only 
when nonimmune individuals who are at special 
risk are exposed to infection. Combined active 
and passive immunisation is an established 
method for the prevention of rabies. 

Chemoprophylaxis and chemotherapy 
of virus diseases 

The phenomenal success achieved by antibiotics 
and chemotherapeutic agents in the control of 
bacterial diseases is in marked contrast to the vir- 
tual absence of safe and effective drugs for viral 
diseases. As viruses are strict intracellular para- 
sites that use the biosynthetic mechanisms of the 
host cell for replication, it was feared that it may 
not be possible to inhibit viral replicafionwithout 
damaging the host cell. But it is now known that 
there are several areas available for attack on vir- 
uses selectively. Viral infection may be checked 
at the level of attachment, transcription of viral 
nucleic acid, translation of viral mRNA and repli- 
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' TABLE 49.2 

/f Viral vaccines in common use' 1 


Disease 

Type of vaccine 

Mode of preparation 

^uliomyeluis 

Live 1 

A virulent strains grown in ' 

monkev kidney cell culture 


Killed 

Virulent strains grown in mon- 
key kidney cell ctiltu res. 
formalin-killed 

^^Rabies 

Killed (Semple type) Fixed virus grown in sheep 
brain and inactivated by 
phenol or beta prop/olacfone 

v^VcIlow fever 

Killed 

Virus grown in cell 
culture and inactivated 
with beta propiolactone 

Live(17D) 

Attenuated virus grown in 
chick embryos and lyophilised 

Japanese 

Killed 

Virus grown in mouse brain 

encephalitis 


and inactivated by formalin 

*>!nmps 

Live 

Attenuated virus grown in chick 
embryo fibroblast culture 

Influenza 

Killed (subunit) 

Virus disintegrated with 
sodium dcoxycholatc 


Live (attenuated) 

Virus attenuated by serial 
passage in eggs 


Live (mutant) 

is mutants which arc avirulent 


Live (recombinant) 

Recombinants with surface 
antigens of new strains and 
growth characters of established 
strains 

\^lcaslcs 

Live 

Attenuated virus grown in 
tissue culture 

'•'Rubella 

Live 

Attenuated virus grown in 
tissue culture 

^Hepatitis B 

Killed 

HB k Ag from human 
carrier sera-m activated hy 

IICHO 


canon of viral nucleic acid. A number of virus 
specific enzymes have been identified which can 
be inhibited selectively, thereby preventing viral 
multiplication without affecting the host cells. 
Interferon is able to discriminate between viral 
and cellular MRNA and is a perfect model of a 
nontoxic antiviral drug. This opens up the logical 
basis for chemotherapy. 


The range of antiviral chemoprophylaxis and 
therapy is at present very limited. Adaman- 
tanamine which inhibits the attachment of the 
influenza virus to cells has been found useful in 
prophylaxis but is much less effective in treat- 
ment. Rifampin, which inhibits viral transcrip- 
tion is effective against poxviruses in cell cul- 
tures. Thiosemicarbasones, which inhibit viral 
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translation, arc of some value in the prophylaxis 
of smallpox, but arc ineffective therapeutically. 
Jododcoxyuridinc which inhibits replication of 
viral nucleic acid is too toxic for systemic 
administration but is effective in the topical 
therapy of herpetic keratoconjunctivitis. It has 
also been used as a life saving measure in herpes 
encephalitis. Trifluoromcthyl dcoxy uridine and 
cytosine arabinosidc have also been tried in the 
treatment of herpes virus infection. The purine 
analogue adenosine arabinosidc (Vidarabine. Ara- 
A) is relatively nontoxic and is clinically effective 
in herpesvirus infections. Ribavirin, a “synthetic 
nucleoside, inhibits the multiplication of many 
DNA and RNA viruses, in vitro and in experi- 


mental animals. Ribavirin has been found to be 
effective against influenza and RSV infections 
when administered as an aerosol. 

Acyclovir (acycloguanosine) which is soluble, 
stable and highly potent has emerged as a very 
useful drug in the treatment of herpetic 
encephalitis and superficial lesions. It may be 
administered locally, orally or IV. It is effective 
against herpes simplex and varicella-zoster but 
not against cytomegalovirus. Its activity depends 
on viral thymidine kinase and is therefore non- 
toxic to host tissues. 

Zidovudine (azidothymidine) is of some value 
against HIV and'Kas bcenTicCnsed for use in the 
treatment of AIDS. 


Furthtr kftding 
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Bacteriophage 




Bacteriophages (commonly abbreviated as^) M«rphtl#ty 

axe. vvcus&s dm fafeitt . facto u. 

(1915) described a degeneralivT change in Certain bacteriophages that infect^figftjalled 
staphylococcal cojonies isolated f rom calfly mph, the JT ev gruphages (T2, 1 hav^becn 
which could be transmitted serially by application studied in great detai 1 ‘and^tr ad j t i ona l ly .serve as 
of ^infiltrates fromjhe, original growth. in describing J^ejnogerties of 

vATHerelle (1917) observed Jhat the filtrates of bacteriophages, 

Taeccs cultures from dysentery patients induced P ha S es have a complex and charac* 

transmissible lysis of a_ broth culture of a teristic morphology. Jhey are ta dpole shapea , 
dysentery bacillus He. sugges ted t hat the lytic 'vitffajexagonal head and a cylindricaLlail. The 
agent was a virus and gave J t , t he name Kic - heaJconsists ofa tightly packed ^ore_ofjnicleic 
terionHag e. *’ 1 acid (double strand ed DN A) surrounded by a 

’Phages occur widely in nature in close associa- pr otein c oat or capsid. The size o f the h ead varies 
tionjyitK bacteria. They can b? readily isolated in different phages from 28 nm to J OQ nm. The tail 
from faeces, sewage and other natural sources of composed of a holl ow co re, a contract ile sheath 
mixed bacterial growth. Early hopes that phages sur roundin g the core and a^ terminal base plate 
could be used in the treatment of bacterial infec- 
tions have not been fulfilled, bulthese viruses 
have contributed much to microbiology. As 
phages could be grown easily on bacterial cul- 
tures, they provided the only convenient model 
for the study of virus-host interactions at the cel- 
lular and molecular levels befpre the develop- 
nent of cell c ultur e tech niques made similar •s 

Uudics with animal v iruse s p ossible . Phages play Vy Lifecjcle 
an'important role in the t ransmission of genet ic ' 

inf ormation, b etween bacteria by theHrocess of Phages exhibit two different types of lifecycle. In 

f*. jri insdin.limn 'The nresenw nr phage fpnnny Ohc virulent or lytic cycle, intrac ellular muljiplica- 
inlegrated with bacterial chromosomes confersNy hop of the phage culminai£s_ m the lysis' ofj h& 
on bacteria certain nrppertic*s by Jbe. process J host bacterium and the release pfprogeny vir- 
known a phnyramvirfqm ions. I n the temperate or Ivween ic cycle the phage 

host tangc oV phages is the bas i s of p hage typing DNA be corfies integrated^ with the bacterial 
methods, by v. hlchhactena can be idei uifiertagd genome, replicating synchronously wlth Tt. caus-_ 
typed. ' ’ ingnoharm to the host cell fFIg.56.2L % ->* 


whicTTKasattached to it prongs, tailTibrcs or both 
(Fig. 50.1) 

Though most bacteriophages have the mor- 
phology and structure described above, phages 
that are spherical or filamentous and possess 
single stranded DNA or RNA have been iden- 
tified. v 
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rig 50.1 Morphology of bacteriophage. A. hexagonal head, B DNA core. C. demarcation 
1 frcte rrn . hr A l .a nrf t a il . D . rail, E base plate. F^iaif fibres, G prongs . Right. Process of injection 

of phage DNA into hott cell 

Vt Li l£r 

Ly!icc>cl e: Replication of a virulent phage can he adsorptio n. Experimental infection by_direct 
considered in the following stages — a dsorp tion, 'injection of phage DNA can beachieved even in 
penetration, s ynthesis er phage components, bacterial strains tha t are insusceptible to tnfec- 


asscmbjy, maturaUon ancT release of progeny 
phage particles. 

Phage particles come into contact with bacte- 
rial cells by rando m collision. A phage attaches to * 
lh e surface^of a susceptible bacterium by its tail. 
Adsorption is a spccific process and depends on 
the presence o f complementary c hemical grou ps 
o n the rec e ptor sites of the bacterial surfac e and 


tionjty the whole phage. The infection of a b ac 4 
terium by the naked nhapenucleic acid is known ij 
j ^kransfectiord 7^ tS) 

SyAdsorptiorf is followed by the penetration of 
the phage nucleic acid into the bacterial cell. The 
process of penetration re sembles injection 
through^ a syringe. The b ase p late and tail fibres 
are field finnly against the cell causingthe hollow 


on the t erminal base plate of the phage. Under core to pierce through the cell wall. The contrac- 
optimal conditions, adsorption is a very rapid tile jail sheath acts like a muscle and derives its 

process, being com plete with TrTminutes. Certain energy from a small. am ount of ad en osine tri phos- 

^Qfactors, su ch as ' Lcatiop S? a re necessary' fo r phate presem on the tail of the phage. Thephage 
adsorpti on. The bacteria l receptor sites may be DNA i s inj ected intojhe bacteria! body tfirough 
sit uated in di fferent lasers of i j y^ cell wa ll or on the hollow core. Penetration may be facilitated by 
su rface structure s (such_a$_the|mp 1 mtigen of the the presenc e on the phage tail of lysoz yme w hich 
ty phoid ba cillus! orjtpperitiages{sucfr as flagella produces a hole on the bacterial wall for the entry 
or sex pili). Ba cterial protoplasts , which are of the~pha ge core. The complex str ucture of the 
dcvpid_of cell wall c omponents cannot adsorb phag e particle is r equired only for the injection of 
phageartd, therefore, will not.be infected ^ Host the~riucleic acid into tfieTibst cell.'ThtTpbage 
** sp ecificity of phages is determined at the level of DNiLatone’is necessary for the initiation of the 
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Pig. 50,2 Lytic and lysogenic Me of hacleiiophage. A adsorption B injection of phag e DN At C CiTCulansation of phage DNA. 
D replication of phage DNA, E production of phage components. F assembly of phage. G release, of progeny phage, H integ- 
ration of phage DNA >* ith ho st ch romosome. I binary fisstoft of lysogenic bactenuip . J daughter hactcna canymg prophage. 
K eaci'ion of prophage .L-santrSfageasC (A to C infection D to G lytic cycle; H to J lysogenic c>clc;-K to L induction ) 








>K}ic£C«-i0 SA (Swk H ^. i: - 


^vA^A^C J/ 


*.« a^gEfe daug hter phag es. After penetration, the replication of phage, the ba cteria l cell wall is 
the empty hea d aijdj ail ofthephage rem ain out- weakened jmd, it assumes a spherica l shape . 
side ihe bacterium as the shell or/gHosH) ^ Phage enzymes act on the weakened^celflvaU 

(^When bactemijafe mi?cd with pHage particles at cauSmgTtTobu rst or lyse resulting m the release 
ni gh multip licity (i.e . , very large number of phages of mature HaugKter phages, 

pe r hactej jatcelO. multipjejioles are, produced the interval between the entry of the phage 
otnhejxll with the co n sequ ent leakage of cell nucleic acid into the bacterial ce ll and the appea r- 
contents. Bactgngllysis occu rs without vtra) mu )- ance of the first jnfpctifMis-ffy tfacellul^f^hage 
tiplication.Thisisknown as (lysis frpm withoutV^ particl e is known as t he fec/?p ^ffff t inl ~ f rreore- 


Uplicatipn . This is known as (lysis from without^ particl e is known as t he fec@^^c^ ~nrepre- 
Im media tely af ter pe ne tration of the phage sents the time required fortbe synthesis of the 
nucleic aetd , the synthesis of the phage compo- phage components and their assembly into 
nen ts is initiat ed. The fim pfo'ducts to be^ynth- mature phage particles. The interval between the - 
es ised (called eqr}y promos') are the enzym e s infection of a bacterial cell and the firsi(j|deasyJ of 
necessary for thcHt miding af the^camplex infectious phage parttcles is known ns tne Ttwnt 
mol ecules^ peculia r to th e phage- Subsequently, period . Immediately following the latent period 
vate proteins appear, which include the protein IbclTGmber of phage particles released increases 


'Jei ejprdieins a ppe a r, which include the protein HTclTGmber of phage particles released increases 
subup us oT The phagejiead and tail. During this for a few minutes till thejnaximum number of 
period^ jhe symhesis of bacterial proteim DNA daughter phages is attained. This period, during 
RNA^ceases . “ * which the number of infectious phages released 

Village DNA, head protein and tail protein are rises, fs known as the >lrrpcribrfrTher-rfverag£_. 

tvoiv,Ac:y^;t I -„i -n.M n 


synthesised separately jn thej>acterial cell. The "yieTdoTprogeny 
D NAlT condens ed into a compact^ polyhedron is^ known as the 
and, ‘packaged* into the head and, finally, the tail experiments Tot 


$ nrFsfsize7 (T his is estimated by 
hiefi infection isestabhshed with 


structures nreadded. This assembly of the phage one phage pdr bacterium and the release of 


^mepKagepar- 


com ponents into the mau^mfoctivep KaRepar- infected phage particles is estimated serially over 
ttcje islnown as m.itura tiniv/^ a period of time. The results of such an experi- 

R el ease of t h ema ture^progt-ny phages ment plotted on a graph is known as th eone-slep 

cally occurs by lysis of the bacterial c ell. During growth cutvc (Fig. 50.3). 
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which is the bacterial gene-.contiguous to 'the 
prophage. On the other hand, any bacterial gene 
may be* transferred in ceneraliseiLtcansdiiNion . 
Transduction has been demonstrated in many 
genefa of bacteria and constitutes one of the most 
important’ mech anisms of genetic exchange 
among bacteria in nature. Plasmid mediated drug 
resistance in staphylococci is an example of a 
medically important* property that is transmitted 
by transduction. 

Phage particles exhibit genera l stability of type 
and_a_low rate of heritable variation. 

If a bacterium simultaneously adsorbs two 
related but slightly different DNA phage parti- 
cles, both can infect and reproduce. On lysis, 
both types are released. When this occurs many 
of the progeny are observed to be recombinants. 


I Lysogenic cycle: Unlike virulent phages which 
f produce lysis of the host cell, temperate phages 
enter Into a symbiotic relationship with their host 
cells ^wjthout destroying them. Following entry 
into the host cell, the temperate phage nucleic 
acid ’ becomes integrated with the bacterial 
chromosome. The integra ted phage nucleic acid 
is known as th c^;r(»p/iag t^ulie prophage behaves 
like a segment of t he Hos t chromosome and repli- 
cates synclironously with ft. This phenomenon is 
called lysogeny and a bacterium that carries a 
prophage within its genome is called a ly sogen ic 
bacterium. Lysogemsation does not upset the 
bacterial metabolism. 

The prophage confers certain new properties 
on the lysogenic bacterium. This is knoWnTis 
) ly weenie conversion or phage conversion . This is 
due to the synthesis of new proteins that are 
codetRor by the prophage DNA. An example is "^Phage assay 

toxin__production by the Jjphtherin, .bacillus, ' > J 

which is determined by the presence in it of the When a phage is applied on the lawn culture of a 
C prophagebe^: The elimination of the prophage susceptible bactcrium7~arc as~bf clearing occur 
toxigenicity of the bacillus. ’ after incubation. Thesezones of lysis are called 
During the multiplication of lysogenic bacteria idpl agues’. The size, shape and nature of plaques 
the prophage may become ‘excised’ from occa- are characteristic for deferent phages. Since 
sionaf cells. The excised prophage initiates lytic under optimum conditions a single phage particle 

replication and the daughter phage particles are 

released, which infect other bacterial cells and 
render them lysogenic This is known as ‘spOn- 
, ytan eous inducti on of prophage’. While this is a 
rarejivent, all lysogenic bacteria m a population 
can be induced tp shift to the lytic cycle by expo- 
sure to certain physka]_and_chemical agents.^ Phage typing 
Such inducing agepts includ e U VTa yT. hydrogen 
peroxide and nitrogenmustard 
A lysogenic bacterium is resistant to reinfec- 
tion by the same or related phages. This is known 
iti'pei infection tmmu/fflj) 
liacteriophagcs may act as carriers of genes 
from one bacterium toanother. This is known as 
ransduction.^ Two types of transduction are reC- 
ognlsed. ln fcstricted tr ansduction. onlybacterial 
genes contiguoustolhe, prophage are transmit- 
ted. For example, transduction by the prophage 
lambda in E. coti K 12 tran sfers only the gal* 
gene {determining fermentation" of galactose). 


is capable of producing one plaque, plaque assay 
can be empl oyed for titratin g thejiumber of via- 
ble phages in a preparation. As^plaques arc 
analogous to bacterial colonies, plaquing is also 
usefuljor the puri ficationof phages . * 


The 

made 


specificity ofphage-bacterium interaction is 
e uSeof in the nTemSdsfo^tlield^nfification 


and ty ping of bacteria. Pha ges exhibit differ ent 
deg rees of host specifi city. Some phages possess 
wide host_ ranges, covering many bacterial gen- 
era, while others have a" narrow range limited to 
certain strains of bacteria only. With some 
phages serial passage in a ’strain of bacterium 
makes them specific for that strain and related 
strains (adaptation of host range). 

Phages are available that lyse all members of a 
bacterial genus (e.g., genus'Vpecific bacteriophage 


bacteriophage 


453 


for Salmonella), all members of a species (e.g., 
spe cific b acteriophage for B. anthracis), and all 
members of a bi o type or subsp ecies (e.g. . Maker- 
jee's phage IV which lyses all strains of classical 
V. cholerae, but not V. cholerae biotype el Tor). 
The most important application of phage^yp jng^fc 
Tonnt rasperies typing of bacteria, as in the phage 
typi HgTof S. ryp/i i andltaphvloccocci. Adapted 
pbTgcs, active only against fresh isolates posses- 
sing the Vi antigen, are used for phage typing of 
typhoid bacilli. Staphylococcal phage typing is a 
pattern method, usinga set of standard phages. A 
strain of staphylococcus may be lysed by a 
number of phages and the phage type of astrain is 
designated by the numbers of the different 
phages that lyse it. 

As lysis is influenced by the dose of infection, 
phage preparations used for typing should be 
standardised by titration. Titration is carried out 
by applying serial dilutions of the phage prepara- 
tion on a lawn culture of a susceptible strain and 
observing the lysis after incubation. T he highest 
dilutio n of the phage preparation that iu sLoro 
duces confluent lysis is icnmvnas t he * r outine test 
dose’ (RTD). 



Fig 50.4 Bactenocin typing Bactenocin produced by the 
producer strain has inhibited the growth of test strains in 
the centre. 


Jl 

. } assoeir 
l j cell w 
terinr - ii 


associated lipopolvsaceharides derived from the 
walls of bacteria producing 'them. Bac- 
teriorins and phages resemble* each other in a 
umber of respects2)Both adsorb on the surface 


^Bajricjioclns bacterial cells on specific receptor 

) 1 j U sites some of which may be (he same for phages 

and bacteriorins©Cfndcr the electron micro- 
scope, some bactcriocins, especially pyocins 
appear like tbc tail structures of phages. They 
may be considered to be products ofjlcfcctivc 
~phag e~ penomcs. able to code o’hly for parts of 
pltajje panicles. 

' The synthesis of bacteriorins is determined by 
the presence in bacteria of c olicinngenjc facto rs 


Gratia (1925) observed the production of a highly 
specific antibiotic substance by one strain of 
E. coli which was active against another strain of 
the same species. The name colicin was given to 
such substances produced by E. coli and other' 
members of the family Enterobactcriaceae. With 
the recognition that colicin-like substances are 

produced by several other bacteria also, the . .. t _ 

generic name bactenocin was proposed for the c J^ol fa ctors). Co) factors arc episomes ami can be 


group of highly specific antibiotic-like substances 
Pf bducetTfiy certain ^tfamsofli acIgaCa ndaer lv'e 
agai nst other strai ns of t h e_ same or differen t 
species, Bactcriocins are given specific names 
based on the bacterial species of origin, e.g., col- 
tons from E. coli. pyocins from Fs. pyocyanea 
(aeruginosa), megacins from B. megaterium and 
diphthcricins from ^Tdiphtheriae. 

Bactcriocins are proteins, but some may have 


tnnrsmTTTecT from cell to cdl'by conjugation or . 
transduction. Certain physical and chemical 4 
agents (UV raj's, nitrogen mustard) induce coir* | 
cin production by the cells harbouring Col fac-^ 
tors. 

A ceil producing a bactenocin is immune to it. 
but maybe sensitive to'othcr feactcribcihsTBac- 
terioc inshavea very specifi c activit y on bacteria, 
being capable of killing some but not all strains of 
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a species. The specificity is made use of in typing 
certain species such as Sh. sonnei, Proteus sp., 
Ps. aeruginosa. Bacteriocins kill susceptible cells 
without lysing them. 

While phage typing schemes are generally based 
on the sensitivity of the test strains to the Ivtic 
action of phages, bacterioc in typing schemes 
depend on the ability of bacteriocins produced by 
the test strain to kill s tandard indicator strains o f 
bacteria. The usual method of bacteriocin typing 


employs the plate diffusion techn ique. The test 
bacterium is inoculated as a broad streak on the 
centre of a culture medium, the bacterial growth 
is scraped off and the remaining cells killed by 
exposure to chloroform vapour. Standard indi- 
cator strains of bacteria are then streaked at right 
angles to the original inoculum. After incuba- 
tion. the pattern of inhibition of the indicator 
strains represents the_bactenocin type of the test 
bacterium (Fig 50.4). 


Further Reading 
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Poxviruses are ItArgiiL vin l sc} liiaU — — — - 

tebrates, largc"cnougyob«ccnundcrlheltel>t 

mfecope. Thisgroup contains several vjpcs 
t hat infcri man -MimalsJtitdijnd insects. Based 
on genetic, antigenic and ecological ctrtcria. tttc 
Family Pottviridac has be en clas sif ied . into tw o 
siih.fatnilipsrtr/ i<rrtn?pbxvirt'nn e, the poxviruses 
of vertebrates, and 

poxviruses of in sects. wlltcTTcIiy ndt infect verte- 
brates. 

Chnrd opoxivirinac qpLplaSgdi a jU U e ac ra or 
subgroups**- Bt 

\. QUhapnxvicus-' Mammalian poxviruses that 
tend to cause gepgiali srri inf ec t i o n with ras 
— variola, vaccinia., cowpox, monkeypox, 
rabbit po x. bujTaiopox, camel pox, mousepox. 
JL. Parapoxvirus : Viruses of ungulates that may 
occa^onally infect mm orf (contagious pus- 
tular .dymalitis), paravaccinia (milkers 
nodes, bovine papular stomatitis). 

3. Capripoxvirus: Viruses of goats and sheep 
sheeppox, goatpox, lum^yskin disease. 

4. L enonpox vi rus: Viruses ofjepqrids (rabbits, 
hares, squirTfils) — m jaoma and fibismas. 

5. Avipoxvirus: Viruses of birds — fowlpox, tur- 
keypox, pigeonpox, canarypox. 

6. Suipoxvirns: Swinepox. 

Poxviruses that have not been officially 
assigned to any genus include the virus of mo_ us 
cum contagiosum, tanapox and the yabamonkey 
tumour. . . . 

Poxvirus diseases are charactensed_byjiK]p 
lesions which may be localised or generalised. 
Thebiost important of these wa^smallpox caused 
by the variola vir us. Other poxviruses which can 
infect man anfvaccinia, cojypox, mojtkeypox. 


tanapox, molluscum contagiosum, paravaccinia 
and orf. Buffalppox and camqlpox may occasion* 
ally infccynan causing lesions resembling v'acci- 1 
nation. . , 


Variola and vaccinia: T he^ariol^.irus is the 
cau sative aeenL-of-smallpox . For thousands of 
years, smallpox raged jis a scourge of mankind 

erddication^of smallpox, achieved afteFl(f 
years of concerted campaigns under the auspices • 
of the NVHO. has been the most impressive medi- 
cal achievement. Naturally occurring smallpox 
appears to have 'come to an end in 12.77. On 
R Mav. 1980 , the WHO fo rmally a nnounced the 

glofcaLcradication oTsmaUpox. 

SmallpoFused to occur in two distinct clinical 1 
varieties — the florid, h ighly fatal dise ase typi- 
cally seen in Asia, and the mild, non fatnl dise ase ' 
(alastrim) typically seen in Latin America. The 
virus murin g classical smb llpox was called^gqgfa 
.v,-,* rfiimnp Jihrttrim variola minor. 1 


'3nr Snd that rausmeflbsmmjaaafejipof' 

s-fcSi maloFan5TbTnQfa^^mtigenieat|yjdeiiti- 


Vari ola major 
ca l "h.. t tVipv differ in certain_biQlogigaLcharac - 
terfstics Th°y tn he sta ^ le variantsasthe 
produced 

rnSmained by 

underwent some permanent change* so that it 

can nmv be readily differentiated frogjhebesh 
' n„i„tes (if O'e eownox virus. Th e vargma v | jn^ . 

I mlmiFinthat it isan^a rt^ialvilH£ andd ° esn ot 
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Morphology: The virion i s brick .shape d. Jn ver- 
tical section , it consists of a5o uble layered me m- 
brane' which surrounds a biconcave ‘n ucleoid* 
containing the D NA_c ore. On cither side of the 
nucleoid is a lens shaped structure calle d theJat ^_ 
eral bod y (Fig. 51.1). The virion measures about 
300 x 2(XJ x 100 nm and so can be seen under the 
li ght mic roscope. Variola virus was first demon* 
strdted microscopically by Buist in 1887 . Paschen 
. in 1906 developed a sta imng^echn ique for the 
virus par ticles and demonstrated the eleTncnta'r y, 
bodies f Paschcn bodie s) in sm ears from small p ox 
lesions. ~ — — 


Physical and chemical properties: Poxviruses are 
stable ai.u if protected from s unlig ht may remain 
viable for months at room temperature. In the 
f cold or when freeze dried, they survive f or year s. 
They are susceptible to ultraviolet lig ht and other 
irradiations. T hey arc resistant to 50% glycerol 
and J% phenol, but arc rcadil^jnactivgted by 
(l f oymalin and oxidising disinfectan ts. The virion 
Consists essentially of DNA. protein and lipid. 
Tlyrtfgh enveloped, the virus is not inactivated by 
ythej . The virion contains a m ultiplici ty of 
eozymes. The entire multiplicatio n of the vi rus 
takes place in t he cyto plas m bTt hiTnfqgtefo cell. 


Antigenic structure: All poxviruses share ayom- 
mon nucleoprotetn (NP) antigen. By immunodif- 
rj fusion some twen ty diffe rent antigens havq been 
identified. These inclu de the I.^ anti gen (a com- 
plex of two antigens, the heat labile_Lynd the 
heat stable _S antigens), ag glutin ogen, and 
haemagglutmin., which is responsible for the 
agglutination of erythrocytes of those fowls 
which are also agglutinated nonsperifically by tis- 
sue lipids 



Fig 51.1 Structure of vaccinia virus. The nucleic acid is con- 
tained within a dumbell-shaped core (C). Ruing into the' 
concavi»«s of the core are two lateral bodies (LB). The 
virion is enclosed within a protein shell which has an irregu- 
tar surface 


Cultivation and host range : The variola and vac- 


cinia viruses can be differentiated by t heir grow th 
chara cteristics and host r ange. 

Chick embryo: Both viruses grow on theCyVM 
of 11 -13 dav old chick embryos prodiicing pocks 
in 48 - 7 2 hours.’Variola pocks are small, shjny, 
white, convex, n onnccrot ic. n onhacmorr hagic 
lesions. Vaccinia pocks are larger, i rregul ar, flat, 
greyish, necrotic lesions, some of which are 
haemorrhagic (Fig. 51.2). The viruses may_a!so 
be differentiated by their ‘rgfling temperatures?, 
the highest temperature atiove which pocks are 
not produced. The ceiling temperatures are 
410°C for vaccinia, 2£°C for variola ma jor and 
37.5 t ’C for variola minor. 

Tissue culture:The variola and vaccinia viruses 
can be grown in tissue cultures of m onkey kidn ey ■ 
He La and chick embryo, cell s. 'Cytopathic effects 
are produced by vaccinhrin 24-^4‘ 8 hours and by 
variola more slowl^^Eo sihooliilic inclu sion 
bodies, GuarnterrbQdi cs. can be demgnstrated in 
stained pre parat ions. The Inclusion bodies con- 
sist of aggregations of vi rus partic les in a matrix- 
y.accinia but n ot variola virus prod uces pl agues 
in chick embryoTiSSue culfTIresT 

Amtft3tsrThe~<racania~virus can infect a wide 
range of animals experimentally. Monkeys, 
calves, sheep and rabbits can be infected by 
scarification leading to vesicular lesions. The var- 
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Fig 51 2 Variola anti taccinia pocks on CAM Left — variola, showing small, 
uniform pocks. Right — vaccinia, showing large, irregular ptKks 


iota virus produces similar lesions only in mon- 
keys. Scarification of rabbit cornea with variola 
virus leads to keratitis and sections of the cornea 
will show typical GuamierLbodtes. Intranasal 
instillation of the variola virus in the monkey pro- 
duces a self-limited attack of smallpox with 
generalised skin lesions. 

SMALLPOX 

Smallpox has been eradicated, the last natural 
ease having occurred in Merca. Somalia, in 
October. 1977 It is unlikely now that we would 
see any case of smallpox 
But the last case ol smallpox, however, occur- 
red in August. 1980, in Birmingham. England, 
during a small outbreak caused by accidental 
infection from the Microbiology Department of 
the Medical School where work on variola virus 
was being conducted. Realising the potential 
danger of variola virus stocks being held in 
laboratories, all such stocks have been destroyed 
At present, the virus is stored only in two 
authorised laboratories, the Centre for Disease 
Control, Atlanta. U S.A , and the Institute for 
Virus Preparations, Moscow, under maximum 
security precautions 

(Those interested in further details about smallpox arc refer- 
red tothe cortier cdiiion of this book ) 


OTHER POXVIRUS DISEASES 

With the elimination of smallpox, it has become 
important to identify and characterise other 
orthopoxviruses which can infect man and cause 
disease resembling smallpox (Table 51.1). 

Mankespox: This virus was first isolated in 1958 
from an outbreak of pox disease in a captive mon- 
key colony in Copenhagen Similar outbreaks 
have since been identified in other monkey 
colonics also. No simian outbreaks in nature 
have been recorded. The first human case 
was reported from Zaire in 1971) Several eases 
have been reported from Central and West 
Africa 

The eases clinically resembled smallpox. Btft 
person to person transmission appears to be rare. 
Serological studies have shown evidence of wide- 
spread natural infection in monkeys in Africa. 
The virus can be distinguished from variola. 

Whuepav. This virus was isolated in 1964 from 
kidney cultures of cynomolgus monkeys 
imported from Malaysia. It has since been iso- 
lated from chimpanzees, monkeys and rodents 
from Zaire. There has been no instance of human 
infection. But. in laboratory tests, the virus is 
indistinguishable from the variola virus. It has 
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been suggested that whitepox may be only the 
laboratory' pickups of smallpox virus. 

Lenny virus : This was isolated in 1969 from a per- 
son with severe vesicular disease resembling 
smallpox in Nigeria. Laboratory studies 
suggested that this could be a hybrid of variola 
and vaccinia viruses. No similar episode has been 
reported afterwards. 

Con pox and milker’s nodes 

Both these infections are obtained from cows. 
Cowpox lesions are seen on the udder and teats of 
cows and may be transmitted to man during milk- 
ing. The lesions in man usually appear on the 
hands or fingers and resemble primary vaccinia 
The disease is associated with some fever and 
constitutional symptoms. Cowpox virus resem- 
bles variola and vaccinia antigenically, but can be 
differentiated by the haemorrhagic lesions it 
produces on CAM and rabbit skin. 

Cowpox infection has been observed only in 
Britain and Europe. There have been outbreaks 
of fatal cowpox infection in wild animals kept in 
zoos, including cheetahs and elephants. Natural 
infection has been observed in domestic cats. It 
has been suggested that the primary host of cow- 
pox may not be cows, but more likely wild 
rodents. 

Milker's node (paravaccinia) is a trivial occu- 
pational disease that man gets by milking infected 
cows. The lesions arc small ulcerating nodules 
The virus is unrelated to cowpox and does not 
grow in eggs. It can be grown in bovine kidney 
cultures. It resembles orf virus morphologically. 

Orf (contagious pustular dermatitis) 

Orf is a disease of sheep and goats transmitted to 


man by contact. In man, the disease occurs as 
a single papulovesicular lesion with a central 
ulcer, usually on the hand, forearm or face. The 
virus s unrelated to the variola-vaccinia group 
and resembles paravaccinia virus morphologi- 
cally. * 

Tanapox 

This virus was isolated from epidemics of a febrile 
illness along the Tana river in Kenya in 1957-62 
The patients had a single pock-like lesion on the 
upper part of the body. The virus is antigenically 
unrelated to other poxviruses and does not grow 
in eggs. It can be grown in human and monkey tis- 
sue cultures. Monkeys are the only animals sus- 
ceptible. The virus is now active in Africa, par- 
ticularly in Zaire. A similar virus has been iso- 
lated from outbreaks of disease in primate col- 
oniesin America. 

Molluscum ^contagiosum 

This disease, seen usuall y in children and youn g 
adults, is characterised by pink or pearly white 
wart like nodules on the sku m Se ctions oTTirg 
l esions show larg e (2 0-30p) e osinophilic hyaline 
i nclusion bodies wh?ch displace the nuclei to the 
margityp These mollusc um b o dies are compo sed 
of large numbers of vi rus particles, e mbedded in 
a pro tein matrix . Man in the only susceptible h ost 
and the virus cannot he grown in e ggs, t issue c ul- 
tures or animals. 

The incidence of molluscum contagiosum as a 
sex ually transmitted disease in .young adults iy 
increasing. W hen it ocurs in the genital areas, it 
may become inflamed and ulcerated and may 
simulate -HSV infections.^ Sometimes electron 
microscopy may be neededjo demonstrate the 
virus in the lesions. _ 
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Herpesviruses 


This group consists of a number of DNA viruse s 
that affect man and animals, characterised by the 
ability of es tablishing latent infections. The viru r 
particle isabout 10 0-200 nm in diameter, c onsist- 
ing of an icosafie’dral cansid witt &6ft capsomer s 
and surrounded by a lipid envelo peT^ig. 52TVlt 
is hea t lab ile~and^e nsitive to ether a nd bile salt s. 
Herpesviruses multiply in the nuclei o f infected 
cells and produce Cowdry Cype~A intracellula r 
inclusions (Li pschutz inclusions)! 

TftT family Herpesviridae is divided into three 
subfamilies based on biological, physical and 
genetic properties: 

Alp haherpesvirinae , with* a relatively short 
replicative cycle (12-18 hours !, a v ariable h ost 
r ang e and a tendency to cause l atent infection in 
ganglia . In .culture they are rapidly cytopathic 
amflmbctious virus may be, released from cells, 
e.g, . herpes simplex viru s , varicella-zoster virus . 

Bet aherpesvirinae , which replicate slowly (more 
than 24 hou rs), hav e a narrow host ran ge, grow 
best in fibroblast s with a tendency to produce 
enlatge ment-Of infected cel ls (cytomegaly and 
cause lat ent ina ction o f salivary gland and dther 
organs. In culture, cytopatfuc^Tftrct-is^low and 
the vi rus remains ce ll associated, e.g., cytomega- 
lovirus. 

Gammaherpesvirinae, which have a n arrow 
host range, replicate in Ivmphoblastojd _cells , 
specific for ei ther B or T lym p hocytes and fre- 
quently c3 use laten t Inf ection in lymphoid tissue , 
e.g,, Epstein-Barr virus. ® 


Herpesviruses of medical importance are 
herpes simplex (Herpes h omin is) typjes 1 and.2; 
Bjims (Herpesvirus sinuae); va ricella-zo ster; 
cytomegalovirus; and EB virus. 

^JIERPES SIMPLEX 


Herpes simplex occurs naturally only in man , but 
the virus can produce experimental infection in 
many laboratory animal^ There are two types o f ' 
herpes simpfex^drusTType 1 is usually isolate d 
from lesions in a nd~arouraLth&_mQUth and_is 
tr ansmitted by direct contact or droplet sprea d 
f rom cases or carriers . Type 2 is responsible fo r 
the majority o f genital tract infections and i s 
transmitted venereally . Intracerebral jnociilatig n 
in rabbits and mice leads lo encephalitis^ and 
c orneal scanfication produces keraiocori- 
j'u Ticlivitis in rabbitsJTh e vi rus grows in a variety 
of primary a nd continuous cell cultures (monkey 
or rabbTr^neyTht tmairaThhion . Tie La ) pr oduc- 
ing cytopathic changes , .well deTihetfToci with 
heaped up cells and syncytial or giant cell forma- 
tion. On chick embryo CAM, small (d iameter 
less than 0.5 mm) white shiny nonnecrotic pock s 
ar e produce d (Fig. 52.2). JThgjteOJvae s^f -virus 
cross react serologically. They can be differen- 
tiated by the fallowing features: 

1) AntTeenic ditferen c es can be made ou t using 
ty pe specific sera ideallywith monoclon al 
a ntibodies . 2) Qn^c hick embryo CAM tvp<P~2 
s trains form larger" nocks resembling vTriola . 

3) Ty pe 2 7 t ramsrep I *ca te well tn chick 


fibrobrnrcelts , Whffirtype 1 s trains do so poorly. ^ 
4) The’lnfectivTty~'df type~21s more temperature 









HERPESVIRUSES 


463 


J 

Cuta neous infection s: The commonest site is the 
lace — on the cheek s, chin, a round the mouth or 
on the forehea d. Lesions may also appear on the 
buttocks in i nfants as napkin rash ! 

fcbrijis. caused, by virjl react i vation in febril e 
pa tients . In some sensitive persons, very mino r 
sti muli., li ke common cold , e xposure to sun or 
even m ental strain or m enses. ma y bring on suc h 
reactiyatlonT 

An occupational variety of cutaneous berpes_is 
the ‘ herpetic whitlovv L&e cri in docjflp;- dentist s 
an d nurses . 

Eczema herpeticutn is a g eneralised eruption 
causcd lw herpes infection in children suffering 
fro m eczema. C rops of vesicles appear on th e 
affect ed area with widespread ulceration. A ctini - 


Mucosa l: The buccal mucosa is the site m ost com- 
monly affecte clr Gingivostomatitis and pharyn - 
gi tis are the mosHTefl ue ht conditions in primar y 
i nf ection a_nd~recurrent herpes labialis, in recur - 
rent infecti on. T Tie vesicles may ulcerate and 
become se condarily infected . A nassoctaTTon ha s 
been proposed between HSV infection and oral 
cancer. 


j 

Oph thalmic : HSV infection is the most common 
E'njiv of corneal blindness in the USA. Acute 
Keratoconjunctivitis may occ ur b y itself or^by 
extensi on fr om fa cial herpe s. Follicular _con- 
jun^vmnrnh vesicle formation o n the lids ts 
another manifestation .The corne a may be 
involved, with typical branching dendritic ulcers. 
Debridement, topical antiviral drugs and igterfc- 
ron help in healing. S teroids are contraindicated 
as t hey lead to deep stromal involvemen t and 
he aling may be delayed , wit h scarring and 
cor neal blindness. Superficial ulcers heal in 2-3 
months even uithout treatment. Chorioretinitis 
and acute nc crotising retinitis arc uncommon but 
serious manifestations. “ “ “ 


Nervous system : l 


l is the most 


comm on viral i nfection of th e CNS in the USA . ]; 
may- result from primary infection, the virus 

a nd young adults . In older persons, it ma y be due 
to reinfection or reactiv ation. HS V en cephalitis 
has an acute onset, witli^ fever and focal 
neuroiogic. especi allyTemporal l obe, symptoms, 
drain mopsy helps in diagnosis and instit uting 
early .specific therapy. I ntravenous ^acvchmr^ 
r educes mortality and morbidity , but neurologic 
sequelae are frequent. 

HSV meningitis is a s elf-limiting disea se, usu- 
ally resolving in about a week, without sequelae. 
CSF shows lymphocytic pleocytosis and yields 
the virus in culture. 

HSV can cause ^acral autonomic dysfunctio n 
and rarely also t ransverse myelitis or G uillnin- 
Ba rrc/syndrome . 


Visceral: HSV oesophagit is may cause dys - 
phagi a, s ubslernal pai n and w eight loss . It nuy 
involve the respiratory tract causing t Tacheohmn . 
c hitis a nd pneumoniti s. HSV i s an uncomm on 
causiTof hepatitis. Lrythema mulliformc m ay l»e 
seen irTassSCfation with H SV in fection. Dissemi- 
nated HSV infection may occur in patients with 
immunodeficiency, malnutrition or burns. 

Genital: In the 1970’s, genital herpes became the 
most rapidly increasing venereal disease, particu- 
larly in the USA. I n the m ale, th e lesions oc cur 
m ainly on the penis , or i n the uret hra caus ing ur c- 
t hriti sJ fn the t emale , the cervix , vagin a, vulva and 
perineum are affected. When only the cervix 15 
involved, the infection may be asymptomatic. The 
p rimary infection is followed by several recurren t 
e pisode? . T he vesiculo-ulccralive lesio ns may be 
ve' rv painful . R ecta l and pcrianal lesTon s occurjn 
homo sexua ls. Both types of H^V may cause gc nL 
tallesions, though HSV-2 is responsible far more 
frequently and cause many more recurrences. 

There have been several reports of an assoefo* 
tion betw een H-SV-2 and carcinoma of the cervix 
titfri, but a causal relationship has not been 
established. 
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Congenital : Transplacental infection of the fetus 
with HSV-!_ or 2 may lead to congenital malfo r- 
mations. Infection may occur during birth from 
lesions in the birth canal. The infection may be 
subclinical or localised to the skin, mouth or ey es. 
Gene ral ised jn feet lonjnavLcauiejJealtLQrJirai n 
damage in the survivor^ Neon atal infection may 
also'occur following p ostnatal exp osure to the 
virus. 


endonuclease cleavage and electrophoretic 
analysis of viral DNA or viral proteins. 

Serology: Serological methods are useful in the 
diagnosis of primary infections only^ Antibodies 
develop within a few days of infection and may be 
demonstrated by neutralisatio n or c omplement 
fi xation test s.'In recurrent or reinfection herpes; 
there isliule change in the antibody litre. 


Laboratory dtagnous' The diagnosis of herpes- 
virus infection may be made by microscopy , virus 
isolation or by serology. 

Microscopy: The flzanck smea rjis a rapid, sensi- 
tive and inexpensive diagnostic method. Smears 
are prepared from the lesions, preferably from 
the base of vesicles and stained with 1% aqueous 
solution o ^rSluidineH uSO for 15 seconds . Mul- 
.tinucleated giant cells with faceted nuclei anti 
hor nogcricous ly^staineBjgroundg bss'-chromatin 
(Tz anck cells) constitute a p&inive “smear . * 
Intranuclear Type A inclusion bodies may be 
seen in Giemsa stained smears. The virus particle 
may also be demonstrated under the electron 
microscope. It is not possible to differentiate bet- 
ween herpes ^implex and vancella^zoster b/mTc- 
roscopy. HerpefvlrUSTinligen may be demons- 
trated in smears or sections from lesions by the 
fluorescent antibody technique. 

Virus isolation • Inoculation intracecehrally in 
mice and on chick embryo CAM is'seldom used 


Chemotherapy: O cular lesions respond to 
topical application of iodoxyuridioe (5-iodo-2"- 
deoxyuridine), trifl uoiothymidine, vi darabin e 
(adenine arabinosiBe. ara-Al. ac yclovi r (acyc- 
loguanosine) and other inhibitors of viral 
DNA synthesis. A cyclovi r and V idarabine may 
help in herpes encephalitis if 'treatment is 
started early. Acyclovir is beneficial in primary 
genital herpes, but not in recurrences. Type 2 
infection is more resistant to treatment than 

w*'- 

HERPESVIRUS SIMIAE (B VIRUS) 

This virus was isolated by Sabin and Wright 
(1934) from the brain of a laboratoo' worker who 
developed fatal ascending myelitis after being 
bitten by an apparently healthy monkey. It came 
to be known as the ‘B* virus from the initials of 
this patient. Many similar cases have been 
reported since then. Herpesvirus simiae infects 
w.oaV.eys. iu the, same manner that herpes simplex 
infects man, the infection being usually 


now as they are relatively insensitive. Tissue cul -V? asymptomatic. The typical lesions produced are 

vesicles on the buccal mucosa, which ulcerate 
shedding the virus and infecting contacts. 
Though many. human cases have followed mon- 
key bites, in some, the infection was acquired by 
handling monkey tissues. 

Herpesvirus simiae is similar to herpes simplex 
virus in its properties. The two are antigenically 
related but herpes simplex virus antibody does 
not protect against herpesvirus simiae infection. 
A formolised vaccine has been tried experimen- 
tally in laboratory workers at risk. _ 

The disease in man is usually’ fatal. The rare 


t ure is the methodo f ehoiceiorlsolatipn. Pr imary 
human e mbryonic kidney , h uman amn ion and 
rabbit kidney cells or di ploid human lung and 
fore skin lihroKlasts are inoculated with vesicle 
fluid: Spinal fluids saliva and other specimens 
may also be used. Typical cytopathic changes 
may appear as early as in 24-48 hours, but cul- 
tures should be observed for two weeks before 
being declared negative. 

Differentiation between HSV types 1 and 2 
may be made by a variety of serological techniques 
or by nucleic acid hybridisation or by restriction 
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human embryonic tissues, human amnio: 


H eLa ce lls. T he cytopathic effects are simitar to. 
but less marked than, those produced by herpes 
simplex virus. In cuituresThe virdS remains celL 
associateU and_ docs not ap pear free in the 
medium . Bv using highly specific antiserum. i| is 
possible to dis tlnpuisITBetween heTpes virusTvp es 
l.^fantf varicella-zoster viruses. 


Chickenp ox is one of the commonest and mildes t 
o f_childhood, infections . T he disease mav, how- 
ever, o ccur at any age and aduit c hickenpox, 
which js more seriou s, is for some unknown 
reason rather common insome jropical area s. 

The source of infection is a chickenpox dr 
herpes zoster patient.' Infectivity is maximum 
during the initial stages of the disease, when the 
virus is present abundantly jn the upper respira- 
tory tract. The buccal lesions which are charac- 
teristic of the early .stage of the.disease_and the 
vesicular fluid. are_rich in virus_conientr Infecti- 


lesions o f varyi ng age can __ _ 

patient, 7 It matures _vlry qujckjy^e^inning^ to 
crust within 48 hours. These differences are. how- 
ever, tendencieYand may not apply in every case. 

When varicella occurs in the adult, systemic 
symptoms may be severe, the rash very profuse 
and the entire disease much more intense than in 
children. The rash may become hae morrh agic 
and occasionally bull ous lesio ns appear. Pitted 
scars on the skin may remain after recovery. Vat- 
icella.pneumonia is more common inadults, and 
is usually fatal when it occurs in the elderly. In 
fatal cases of varicella pneumonia, an associated 
hepatitis may'be .found at autopsy. Varicella 
pneumonia may be followed by the appearance 
of scattered calcified nodulesseen in the X-ray. 

Secon dary bacterial in fections, usually due to 
staphylococci or streptococci, mav occur. - Reye s’ 
syndrome— acute hepatic failure, encephalopathy 
and hypoglycae'mia — may follow varicella, in 
some cases accompanied by a history of adminis- 
tration of large doses of salicylates. Varicella 
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e pceph alilis may occur which may be fatal or lead 
to brain damage. 

Chickenpox is usually an uneventful disease 
and recovery is the rule. One attack confers last- 
ing immunity. If primary infection occurs during 
pregnancy, the virus may cross the placenta and 
infect the fetus. If it occurs in early gestation, it 
may result in ci catricizing lesions of extremiti es as 
well as ne uromuscular disorde rs. Administration 
of corticosteroids in cHiekcnpox patients carries 
the risk of varicella pneumonia. 


leukaemia and immunodeficiencies. The vaccine 
is not available in India. 

VZ virus immune globulin prepared from 
patients convalescing from zoster can be used to 
provide passive protection in immunocom- 
• promised children exposed to infection. It is rot 
useful in treatment. 

Vidarabine 'and intravenous acyclovir have 
been reported to be of value in treatment. 

Herpes zoster 


Laboratory diagnosis: Diagnosis is usually clini- 
cal. Formerly laboratory aid used to be fre- 
quently sought to distinguish between chicken- 
pox and modified smallpox. The practice then 
was to test for laboratory evidence of variola and 
to make a presumptive diagnosis of chickenpox 
by exclusion. Diagnosis may be made by 
demonstrating multinucleated giant cells and 
type A intranuclear inclusion bodies in smears 
prepared by scraping the base of early vesicles, 
(Tz.inck smears! and stained with toluidinc blue, 
Gtcmsa or Papamcolou stain. Electron micro- 
scopy of the vesicle fluid may demonstrate the 
virus with typical herpes morphology. Virus 
isolation can be attempted from the buccal or 
cutaneous lesions in the early stages by inocula- 
ting human amnion, human embryonic tissue. 
HcLa or Vcro cells. Serological tests arc difficult, 
though Cl-; neutralisation an d ge n ull usidrTpre- 
cipitatidn tests can be done. A fluorescent anti- 
body technique has been described for detection 
of varicella antigen in the vesicle fluid. A rapid 
and simple method of detecting virus antigen is 
by cnunt cnmmnnoelectroohorcs is against zoster 
convalescent serum.^ 

Prophylaxis and ireitoficnt f^A live varicella vac - 
cin e has been develop ed by Japanese workers by 
attenuating a strain of varicella virus (OkaMrain) 
by serial passage in tissue culture. Given by sub- 
cutaneous injection it induces good antibody . 
response and is reported to provide protection 
lasting for several years. It has been recom- 
mended for use in high risk children as those with 


(Shingles: Z*na, Herpein, meaning to creep; zos- 
ter; meaning girdle) 

While v aricella is typically a disease of child - 
-hood. herp es zoster is one of old aee._bcing com- 
monafter the age of fifty years. Third isease may7 
however, occur at'any age and zoster has been 
reported very rarely even in the newborn. 

Herpes zoster occurs usua lly In persons. who 
had chickenpox several years earl ier. The virus is 
believed to remain latent in the sensorv.fianglia . 
somewhat like t he^rrophagrWlysog emc bac- 
teria. The virus may leak out at times but is usu- 
ally held m check by the residual antibody. Years 
after the initial infection, when the antibody has 
dropped to ineffective levels, the" virus may be 
reactivated, triggere d by so m e pr ecipitating 
stimulus like irradiation, travel aTongthe sensory 
nerve and produce zoster lesions onjhe area of 
skin or mucosa supplied by it. Thi s reac tivation is 
associated with innammatfon*oTthe nerve which 
accounts for the neuriticpai n that often precedes 
the skin lesions. The rash is usually unilateral and 
confined to the area supplied by a single sensory 
ganglion The com monest sites are the areas 
inn ervated by spinaLcord segments Iqljo L2 _and 
th e tngcrnjnal nerve, particularly, its" ophthalmic 
b ranch. T he r ash heals in about two wefcks . Pain 
and paraesthesia of the affected area may persist 
for weeks or months. Other complication s arc 
l ower motor neuron paralysis which sometimes , 
ensues , meningoencephalitis T ar| d generalised 
z oster where the "lesions are scattered widely , 
perhaps due to haematogenous d issemination of 
the virus. Herpes zoster ophthalmicus is a com- 
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mon and troublesome presentatio n Tlie-Ramsay 
Huntsvn drom e i s a rare form of zoste r aiiebli^T 
the facia! nerve . wi th eru ption on the ty m p anic 
membrane and the externa! auditory canal, and 
ofte n aTacial palsy . 

DiagM>$is,isj«tsHy made c linicall y. Laborator y 
diagnosis^ as for chicken pox. 

Herpes zoster is believed to be a mode of 
evolutionary adaptation by the V-Z virus which is 


assign an aetiological role even in the presence of 
clinical symptoms is difficult. About ten percent 


of healthy women may carr 
uterine cervix” 


Clinical features: Cyt omegalovirus disease is ra re 
but in fection with the virus is extremely common . 
A s with herpes simplex, t he larg e majority o f 
infections are inapparent, leading to prolonged 





Largej inclu sion bearing cells were reported as 
early as 1904 in the kidnevs, l ungs and liver o f 
infants presumed to have died of congenital 


ev were mistak 


were cal led Entamoeba inortinatalittm . Goodpas- 
ture and Talbot, and Upschutz thought the m to 
be inclusion bodies and coined the term ’cytome- 
galy* for the condition. Farber and Wolba c h re c- 
ognised its appearance in the saliva ry gla nds of 
some children at autopsy. Hence the causative 
agent was cal led salivary gland virus. The narrF 
cytomegalovirus was suggested in 1960 by Wel- 
ler, Hanshaw and Scott. 

The virus exhibits strict host sp ecificity and 
infection both in i ivo and m vitro can be estab- 
lished only in the homologous species. Cytomega- 
loviruses have been identified in ma n, monkey, 
gui nea pig and some_othetispeciek. Human cyto- 
megaloviruses can be grown in huma n fibrobl ast 
cultures. Epithelial cell cultures are not suscepti- 
ble though epithelial cells are affected in vivo. 
Cultures have to be incubated for prolonged 
periods, upio 50 days as the c ytopathic effects a re 
slo w in appea rance. && ' 

Three serotypes have been recognised my the 
virus neutrali sation t est^t hey share complement 
fixing antige ns. I he virus is_so ubiquitous and so 
persistently~shed by cases and carrier^ that to 


most important cause of mi 


and cei e 

bral calcification resemblingcongenital toxcj pfas 
mofis. Survivors may show mental ret ar 




likel y to lead to congenital disease in the bab y 
than recurrent infection in women who had been 
inf ected earlier^ 

Postnatal infectio ns are usually inapparent, 
but may sometimes lea d toTnsTdious hepatitis o r 
pneumonitis. Some times a syndrome resembl ing 
infectiouTmononucleosis^na y occu r. This is p ar- 
tic ularly seen in persons receiving massive blood 


ro^ g ja rraswiw j 


Patients with malignancies or immunodeficien- 
cies and transplant recipients may develop 
•pneumonitis, hepatitis_or generalised disease 
with CM V, caused by reactivation of latent infec- 
tion or by exogenous infectionr- 


Laboratory diagnosis: Diagnosis may be estab- 
lished by recovery of the virus from the urine, 
sali va orotherb odv-fiuids by inoculating human 
fibroblast cultures. A simpler, but less reliable, 
technique is the demonstratioiTof _ cytomegalic 
cells in the centrifuged deposits from urine or 
saliva. 


Epidemiology: CMV spreads slowly and proba- 
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bly requires dose contact for transmission. It may 
spread through salivary secretions or venereally. 
A special method of transmission is by blood 
transfusion. The virus has been detected in 
saliva, urine, cervical secretions, semen, blood 
and milk. Congenitally infected infants have vir- 
tu ria upto 4-5 years. They are highly infectious in 
early infancy. Complement fixing antibodies are 
seen in 20—80 per cent of adult population indicat- 
ing the high prevalence of infection. 


EPSTEIN-BARR VIRUS 


In 1958, Burkitt described an unusual lymphoma 
among children in certain parts of Africa and 
suggested on epidemiological grounds that the 
tumour may be caused by a mosquito borne virus. 
This led to several attempts at isolating viruses 
from such tumour tissues. A number of different 
viruses, apparently ‘passenger viruses’ were iso- 
lated from cultured lymphoma cells. One of these 
was a new type of herpesvirus named EB virus 
after the discoverers Epstein and Barr. The EB 
virus specifically affects cells of th eB lymph o- 
cyte lineage . Only humgp and some s ubhum an 
primate B cells have receptors for the virus. 
EBV infected B cells are transformed so that 
they become capable of continuous growth in 
vitro. 

EBV is ubiquitous jn all huma n populations. 
By the age of three years, about 80~per cent of 
children in the affluent countries and about 99 
per cent in the developing countries acquire EBV 
infection. Once infected, the virus is present in 
the individual for life. In most cases the infection 


is silent. The following clinical manifestations 
may result from EBV infection: • 

1. infectious mononucleosis; 4 ■ • • i - 

2. lymphomas in graft 'recipients * and 

immunodefectives; > 

. 3. Burkitt’s lymphoma which occurs in two 
forms — the endemic or African type which 
is almost always associated with EBV infec- 
tion, and the sporadic type in which only 
about 20 per cent show evidence of EBV 
infection. , , » ... 

4. Undifferentiated nasopharyngeal , car- 
cinoma seen mainly in males of Chinese ori- 
gin in South East Asia and in East Africa. 

5. It has been suggested but not proved that 
EBV infection can cause the ‘.chronic 
fatigue syndrome’. 




Infectious mononucleosis (Glandular fever) 


This is an acute, self-limited disease usually affect- 
ing young adults and c haracterised by fever, sore 
th roat. IvmnhadenQparhsramrfhe pr esence of 
ab normal lymphocytes in periphera l ‘ blood. 
The re Isoften an associated hep atitis! .but it is 
usually subclimcal and” demonstrable only by 
liver function test*;. Infection is believed to enter 
through the resp irators' r oute by close contact 
with patients. The common mode of transmission 
is also believed to be by kissing and hence the dis- 
ease is most prevalent among the adolescents and 
young adults (‘kissingdisease’). 


Laboratory diagnosis: The examination of blood 
during the initial phase may show a leueopenia 


TABLE 

Differential absorption test for Paut-punntl mntlbody/^ 



Result «f absorption v.ith 

Guinea pig kidney 

Ox Ted cells 

Normal scrum 

Absorbed 

Not absorbed 

Antibody after scrum therapy 

Absorbed . 

Absorbed 

Infectious mononucleosis 

Not Absorbed . 

Absorbed 
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due to a drop in the number of p olymorphs. Later 
therejs a prominent leucocytosis with the appea r- 
anc e of abnormal mononuclear cells ch arac- 
terised _ hy_d gepty basophilic-vacuolated-cyt o- 
plasm a nd kid ney s haped nuclei showing a lattice 
of lenestrated chromati ru.These atypical mono- 
nuclear cells are not virus infected B lympho- 
cytes, but lymphoblasts derived frpmXcellsjeacr 
tiv e to the viruMnfect iQn. The, blood picture may 
sometimes resemble lymphatioiniV aemia. 

The standard diagnostic pro cedure is'the Pau l 
Bunncl test.^ Durin g infectious mononucleosis , 
heterpphile anti bodies ap pe ar in the serum of th e 
pat ient. These ant ibodies aggl utinate sheep ery- 
thr ocyte^ However, such ant ibodies m ay occur 
als o after injections of sera a nd even s ometimes 
in normal ’individuals. ' Infectious mon onucleosi s 
anti body may be differentiated by absorptio n 
t ests. In activated scrum (5 6°C for 30 minutes) i n 
dou bling d il utions is mixed with equal volumes o f 
a 1?£" suspension of sh een erythrocytes. After 
incubat ion at 37°C ~ for four hours the tubes are 
exami ned - for aggluTthation." An” agglutination 
litre oT 1 00 or above is suggestive of infectious 
mononucleosis. F or Tonfirination differential 
absorption #f agglutinins with guinea-pig Sidney 


and ox red c ells is necessary . F orssman antibody 
induced by injection of-horseserum is removed 
by treatment wit h guinea pig kidney and ox red 
cells. Normally occurring agglutinins are remov ed 
by gui nea pip kidney, but not by ox red cells. 
In fecrTSusmononucieosis antibody is removed by 
o x red cells, but not guinea pig kidne y. The Paul- 
Bunnel antibody develops early during the 
course of infectious mononucleosis, and dis- 
appears within about two months. 

Tests have been described for the demonstra- 
tion of specific antibody to EB virus by i mmun o- 
f luorescen ce, CF and jtel diffusio n. Specific anti- 
body to EB virus lasts for very long periods after 
recovery and hence is not diagnostic of current 
infection. EB virus cannot be grow n by conven- 
tional methods, but only on the c ultures of Bur - 
n ous mononucleosis cases . 

There seems to be more than one aetiological 
variety of infectious mononucleosis. A number of 
cases that present the typical clinical picture of 
infectious mononucleosis do not develop Paul- 
Bunnci antibodies. Such cases are more com- 
monly seen in India and may be due to 
cytomegalovirus or otherunidentified agents. 
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Adenoviruses 


Adenoviruses are a group of medium sized, 
noncnveloped DN A viruses that share a common 
comple ment fixing antigen. They infect man, am- 
maTs and^irds, . showing strict host specific ity. 

In 1953. Rowe and associates grew surgically 
removed human adenoid tissue in plasma clot 
cultures and noticed that the epithelial out- 
growths underwent spontaneous degeneration 
resembling viral cytopathic change. Tills was 
neutralised by human sera. A viral agent was 
shown to be responsible for this degeneration. 
This was the prototype of the group of viruses 
subsequently designated ‘adenoviruses’ because 
they were originally isolated from the adenoids. 
Hilleman in 1954 isolated a related virus from 
throat washings of military recruits with acute 
respiratory illness /^denoviruses-havc since been 
shown to be respon sible for infections of the 
respi ra to rv tract. eves and perhaps of the inte s- 
ttue. The observation that some adenoviruses, 
inoculated into baby hamsters, produce sarcoma 
had led to studies on the possible role of 
adenoviruses in malignancy However, there is 
no evidence at all relating adenoviruses to human 
canter 

Morphology Adenoviruses have a .characteris- 
tic morphology The capsid is composed of 252 
c ajisomcr T arranged as an icosa h edron with 20 
triangular facets a nd 12 vertices Of the 252 cap - 
somers. 240 hav e six neighbours and are ca lled 
hexotts while the 12 capsomers at the vertices 
Have live neigtilib urs and arc called nenions. 
Each pcriiqn u cut con sists of a pen ton base 
anchoredjnTRe capsid and a projection consisting 


of a rod-like portion with a knob attached ar t he 
dis tal end. The latter is known as fiber . Thus, the 
virion has the appearance of a space vehicle. 

Resistance: Adenoviruses are relatively stable, 
re maining viable for about a weelTat'37 C . 1 hey 
are readily inactivated at 5(Tj^ They resist ether 
and bile salts. 

Growth and host range: Adenoviruses are host 
specific and so laboratory animals ure not suscep- 
tible to adenoviruses infecting man. Human 
adenoviruses grow only in tissue cultures of 
human origin, such as human amnion. Hol.n or 
HEP-2. Cytopathic changes may take several 
days to develop and consist of cell rounding and 
aggregation into grape-like clusters. Infected 
cells swell and become ballooned Intranuclear 
inclusions may be seen in stained preparations. 
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- Classification : The family Adenoviridae contains 
two genera, Mastadenovints. the adenovirus of 
mammals and Aviadenovirux, the adenovirus of 
birds. Mast adenoviruses have been isolated from 
man (41). monkey (24), cow (8). horse (l), sheep 
(3). dog (2). pig (4), mouse (2) and opossum (1). 
Figures in brackets show the number of serotypes 
isolated. Aviadcnoviruscs have been isolated 
from fowls (9), goose (3) and turkey (2). They 
infect only the homologous species, with the 
exception of oncogenic human adenoviruses 
(e.g., types, 12, IS, 31) that cause sarcomas when 
injected into newborn hamsters. 

All adenoviruses share a common complement 
fixing antigen. Serotypes are distinguished by 
neutralisation test. Human adenoviruses are clas- 
sified into four subgroups based on h'aemaggluti- 
nation and other properties (Table 53.1). 

Pathogenesis; Adenoviruses cause infections o f 
the respiratory trac t , eve, bl adder and intestine . 
More than one type of virus may produce the 
same clinical syndrome and one type of virus may 
cause clinically different diseases. The following 
syndromes have been recognised. 

P/mrt ngilis: Adenoviruses arc the major cause of 
nonbactenal pharyngitis and tonsillitis. Several 
types may cause the condition. Types 1-7 are 
commonly isolated. 

P neumonia : Adenovirus types 4 and 7 arc 
associated with pneumonia in adults resembling 
primary atypical pneumonia. Jn infants and 


young children type 7a may lead to more serious 
and even fatal pneumonia. 

Acute respiratory’ diseases (AR DV. This occurs 
usually as outbreaks in military recruits. 
Serotypes 4. 7 and 21 are the agents commonly 
isolated. 

PJuiryngocpitjiinaiyal-fcirr: This syndrome of 
febrile pharyngitis and conjunctivitis seen in civi- 
lian population is usually associated with 
serotypes 3 and 7. 

Epide mic keraioconjun aivitis ( E KC I: This is a 
serious epidemic disease seen mainly in industrial 
workers exposed to dust (shipyard eye). The 
usual aetiological agent is type 8. Types 19 and 37 
have also been responsible for EKC in recent 
years. 

Acute follicular conjunctivitis : T his is a nonpuru- 
lent inflammation of the conjunctiva with 
enlargement of the submucous lymphoid follicles 
and of the preauricular lymph nodes. Types 3 and 
7a are commonly responsible. 

Acute h aemorrhagic cystitis i n children and 
generdiised exanthem are two other syndromes 
which have been reported. Adenoviruses types 
1 1 and 21 are responsible for the former. 

Diarrhoea: Adenoviruses can often be isolated 
from faeces, but their relation to.any intestinal 
disease has not been conclusively established. 


TABLE 53.1 

Classification of human adenoviruses 


Subgroup 

Serotypes 

Hacmagglutination 

Oncogenicity 

A 

12, 18.31 

Nit 

High 

B 

3.7. II. 14, 16, 21 

Monkey + R3( — 

Weak 

C 

1,2.4, 5.6 

Monkey - Rat ± 

Nil, but can 
transform celts. 

D 

8, 9. 10. 13, 15. 17, 

Monkey - 

Nil. but can 


19, 20. 22-2S 

Rai + 

transform cells. 





472 


TEXTBOOK OF MICROBIOLOGY 


However, some fastidious adenoviruses, which 
can be demonstrated abundantly in faeces by 
electron microscopy but fail to grow in conven- 
tional tissue cultures, can cause diarrhoeal dis- 
ease in children (e.g., types 40, 41). They have 
been designated ‘enteric type* adenoviruses. Spe- 
cial tejuiques of tissue culture (use of tryp- 
sinised monkey kidney cells or transformed 
human embryonic kidney cells) have been 
developed for their cultivation . 

Adenoviruses have been isolated from mesen- 
teric lymph nodes in cases of mesenteric adenitis 
and intussusception in children. 



Fig 53 2 Adenoviruses Stools From a child with dw.rrhoea 
Virus particles show characteristic hexagonal shape x 
200,000 Negative stain with 1 per cent ammonium moly- 
bdate of faecal sediment (Courtesy Prof M Mathen, 
Christian Medical College. Vellore) 

Laboratory diagnosis: Diagnosis can be estab- 
lished by isolation of the virus from the .throat , 
eye, urine or faeces The material s are inoculat ed 
m t issue cultures? Prcliminary_id enli{)eation is 
possible by n oting the cvtopathic effects and b v 
comp lemen t f ixation tests w ith ad enovirus 
antiserum. By haenuggtmTnation with rat and 


monkey erythrocyte s, th e isolate can he classified 
i nto subgroups . Typing is done by neutralisation 

For serological^Siagnosis, r ise in litre of 
antibodies should he demonstrated in paired 
sera. Examination of a single sample of scrum is 
inconclusive as adenovirus antibodies are so com- 
mon in the population. 

Prophylaxis. Because of the generally mild 
nature of adenovirus infections and the existence 
of several serotypes, vaccines are neither indi- 
cated nor practicable. Experimental vaccines 
incorporating types 3. 4 and 7 produced in mon- 
key kidney cells proved useful against acute 
respiratory disease in military recruits But the 
oncogenic poteniial of adenoviruses and of the 
SV40 virus often occurring as a contaminant of 
monkey kidney cells has caused these to be with- 
drawn. Vaccination with attenuated strjins and 
oral administration of a live virus enclosed in cap- 
sules have been tried with success.-Thc present 
trend is to use adenovirus structural proteins for 
induction of neutralising antibodies. 

ADENOVIRUS-ASSOCIATED VIRUSES (A^ 

Electron microscopy of several adenovirus prep- 
arations have revealed small icosahcdral viral 
particles, 2^-25 nm in diameter. These viral parti- 
cles are unable to multiply except in cells simul- 
taneously infected with adenoviruses and are 
called adeno-assoemted viruses (AAV)' or 
adenosatclhte viruses. They can be detected by 
electron microscopy and complement fixation or 
immunofluorescence with specific antisera. 
Types I, 2 and 3 are of human origin and cause 
natural infection while type 4 is of simian origin 
Their pathogenic role is uncertain. They have 
been classifed in the genus Dependou'rus in the 
Pariourus family 


Further Reading 
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Picornaviruses 


The picomavirus group comprises a large 
number of very small (j)ico, meaning small) RNA 
viruses. They are nonenveloped viruses, 20-30 nm 
in size, resistant to ether and other lipid solvents. 
Picornaviruses of medical importance are the 
enteroviruses that parasitise the enteric tract and 
the rhinoviruscs that infect the nasal mucosa. 
Foot and mouth disease virus and many other 
viruses that infect animals also belong to the 
picornavirus group. 

ENTEROVIRUSES 

Enteroviruses of medical importance include: 
Polioviruses types 1-3, Coxsackievirus A-types 
1-24 (type 23 same as ECH07), Coxsackievirus 
B-types 1-6, Echoviruses types 1-34 (ECHOIQ 
is now classified as Reovirus 1 and ECH”028 as 
Rhinovirus IA) and Enteroviruses types 68-72. 

Poliomjclitis has been recognised from very 
early times as a paralytic disease of children (in- 
fantile paralysis). But it was only towards the end 
of the 19th century that it was characterised as a 
separate clinical entity capable of causing infec- 
tions in which paralytic cases are far outnum- 
bered by silent inapparent infections. Land- 
steiner and Popper (1909) reported experimental 
transmission of the disease to monkeys by 
intracerebral inoculation of the spinal cord from 
fatal cases of poliomyelitis. The experimental 
study of the disease was restricted as monkeys 
were the only laboratory animals susceptible to 
the virus. Armstrong (1939) succeeded in adapt- 
ing a poliovirus (type 2 Lansing strain) to cotton 
rats and mice but not all strains could be thus 


adapted. Progress was also inhibited by the 
dogma then held that polioviruses were strictly 
neurotropic, multiplying only in neural tissues. 
The demonstration by Enders, Weller and Rob- 
bins (1949) that polioviruses could grow in cul- 
tures of non-neural cells from human embryos, 
producing cytopathic effects, was a major break- 
through. The Nobel Prize was awarded to them in 
recognition of the seminal importance of this dis- 
covery in the development of virology as a whole. 

A ne\v type of virus was isolated by Dalldorf 
and Sickles (1948) from the faeces of children 
with paralytic poliomyelitis, from whom type I 
poliovirus was also isolated. The virus caused 
paralysis on inoculation into suckling mice. This 
was called ‘coxsackievirus’, as the patients came 
from the village of Coxsackie in New York. Many 
similar viruses have since been isolated from 
faeces and throats of patients with different dis- 
eases as well as fro m healthy individuals. They 
have been designated coxsackieviruses, classified 
into groups A and B based on the paihologica) 
changes produced in suckling mice. 

The introduction of tissue culture techniques in 
diagnostic virology led to the isolation of several 
cytopathogenic viruses from faeces of sick as well 
as healthy persons. They were called ‘orphan* vir- 
uses as they could not be associated with any par- 
ticular clinical disease. They are now known by 
the descriptive term ‘enteric cytopathogenic 
human orphan (ECHO) viruses’. Several ‘or- 
phan* viruses have been isolated from animal 
faeces also. 

The classification of enteroviruses as coxsac- 
kieviruses and echoviruses is not satisfactory, but 
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the names have become so well entrenched that 
they cannot be changed. It was, therefore, 
decided that from 1969, any new enterovirus 
identified would not be classified into either of 
these groups but would be merely assigned 
enterovirus type numbers, starting with type 68 
(because 67 types of enteroviruses had already 
been classified by then, consisting of three polio, 
30coxsackie and34echoviruses). Hence we have 
now five new enterovirus types 68-72. Enterovirus 
72 is the virus causing infectious hepatitis 
( Hepatitis type A ). Because of its special status, 
it is considered in the chapter on Hepatitis vir- 
uses. 

Most enteroviruses are host specific, infecting 
only one or a few related species There is no 
common group antigen for enteroviruses, though 
some of them show antigenic cross reactions. 


and causes most epidemics. Intratypic strain dif- 
ference can be demonstrated by refinements in 
neutralisation tests, but this is not significant in 
immunity against the disease. 

By complement fixation or precipitation tests, 
two antigens C and D (D = dense; C = coreless 
or capsid) can be recognised. The D antigen, also 
called the Native or N antigen, is associated with 
the whole virion and is type specific. The C anti- 
gen, also called the Heated or H antigen 
associated with the ‘empty’ noninfectious virus, is 
less specific and reacts with heterotypic sera. The 
D antigen is converted into the C antigen by heat- 
ing the virus at 56° C. Anti-D antibody is protec- 
tive and therefore the potency of injectable 
poliovaccine is measured in terms of D antigen 
units. Antt-C antibody does not neutralise virus 
infectivity, 


Polioviruse^/' 


Morphology: The virion is a spherical particle, 
about 30 run in diameter composed of cupsomers 
arranged in ic osahedral symmetr y. The virus can 
be crystallised, and arrays of virus crystals can be 
seen in the cytoplasm of infected cells. 


Resistance: Poliovirus is resistant to ether, 
chloroform, bile, proteolytic enzymes of the 
intestinal contents and detergents. It is stable at 
pH 3. It can survive for months at 4°C and years 
at -20°C. Depending on conditions like tempera- 
ture, moisture, pH and amount of virus, its survi- 
val in faeces at room temperature may vary from 
a day to several weeks. It is readily inactivated by 


heat (55°C for 30 minutes) Molar MgClj protects 
t he virus against heat in nrnv.nmn Formal- 
dehyde and oxidising disinfectants destroy the 


virus. Chlorination destroys the virus in water but 
o rganic matter delays inactiva tion. Phenolic dis- 
infectants are not effective. Poliovirus does no t 


survnelyophilisation well. 


Antigenic properties: By neutralisation test, 
the poliovirus strains have been classified mto 
three types, l , 2 and 3. Type 1 is the commonest 


Host range ami cultivation. Natural infection 
occurs only in man. Experimentally, monkeys 
may be infected by intracerebral or intraspinal 
inoculation. Chimpanzees and cynomolgus mon- 
keys may be infected orally also. Some estab- 
lished strains have been adapted for growth in 
rodents and chick embryos, but fresh isolates will 
not infect them. 

The virus grows readily in a variety of tissue cul- 
tures of primate origin. Primary monkey kidne y 
c ulture s are used for diagnostic cultures and vac- 
cine production. The infected cells round up and 
become refractilc and pvkn olic. Eosinop hilic 
intranuclear inclusion bodies may be demon- 
strated in stained preparations. Well formed 
plaques develop in infected monolayers with agar 
overlay. 

Pathogenesis' The virus enters the body by inges- 
tion. Inhalation of droplets can also be a mode of 
entry in close contacts of patients in the early 
stage of the disease. The virus multiplies in the 
lymphatic-tissues_o£4he alimentary canal, from 
the tonsils to the Peyer's patches, and enters the 
regional lymph atics After multiplication in these 
sites, the virus enters the bl oodstr eam and is car- 
ried to the s pinal c ord and bum. Di rect n gpral 
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transmission to the central nervous system may 
also occur under special circumstances as in 
poli omyelitis followi ng tonsillectomy. 

Following inap parent in fection and vaccin ation 
with avirulent strains, infection is limited, to jhe 
intestinal lymphatics usually and vjraemia may 
not occur. This, however, is sufficient for the 
development of immunity. 

In the ce ntral nervous-sys tem, the virus multi' 
plies selectively in the neurons and destroysthem. 
The earliest change is the d egeneration of Nissl 
bodies ( chromatolvsi sl Nuclear changes follow. 
When degeneration becomes” irreversible, the 
necrotic cell lysesLOr is phag ocytose d by leuco- 
cytes or macrophages. Lesions are mostly in the 
a nterior horns of the spinal cord but the posterior 
horns and intermediate columns may also be 
involved to some extent. Pathological changes 
are usually more extensive than the distribution 
of paralysis. In some cases, extensive encephalitis 
occurs involving primarily the brainstem, but 
extending upto the motor and premotor areas of 
the cerebral cortex. 

Clinical features : The incubajton,period is on an 
average about 10 da ys, but may range from four 
days to four weeks. The earliest manifestations 
are associated with the phase of viraemia and 
consist of fever, headache, sore^throat and 
malaise tasting 1-S da ys. This is called the ‘mino r 
il lness’ and in many cases may be the only illness 
f a bortive poliomy elitis). If the infection progres- 
ses, Che minor iffness is followed 3—t days later by 
the ‘m ajor illnes s* . The fever comes on again 
(biphasic fever), along with headache, stiffneck 
and other evidences of m ening itis. This marks the 
stage of viral invasion of the cent ral nervous sv s- 
tem. Sometimes the disease does not progress 
beyond this stage of aseptic meningitis (non- 
paralytic poliomyelitis). In those proceeding to 
the paraly tic sta ge. fl accid paral ysis develops. 
Paralysis is focal in distribution initially, but 
spreads over the"next 3^4 days . Depending on the 
distribution of paralysis, cases are classified as 
s pinal , bulbar or bulbospinal. Mortality ranges 
from 5-KTper cent and is mainly due to respira- 


tory, failure. Re cove ry of the paralysed muscles 
takes place in the n ext 4-8 we eks and is usually 
com plete after six mon ths, leaving behind vary- 
ing degrees of re sidual para lysis. 

Laboratory diagnosis: Unlike other enteroviruses, 
poliovirus can seldom be isolated from the CSF, 
but can be obtained from the spinal cord a nd 
brain, postmorte m. The virus can be isolated 
from the t hroa t in the earl y stage of the disease 
and from the faeces throughout the course of the 
disease and_dunng c onvalesc ence. After approp- 
riate processing to destroy bacteria (centrifuga- 
tion. treatment with ether, addition of antibio- 
tics), specimens are inoculated into tissue cul- 
ture. Pr imary monkey kidney cells are usually 
employed, though any other human or simian cell 
culture may be used. The virus growth is indi- 
cated by typi cal cytopathic effect sjn .2^3 .days. 
Identification is made by ne utralisation tests with 
pooled and specific antisera. It must be remem- 
bered that mere isolation of poliovirus from 
faeces does not constitute a diagnosis of paralytic 
poliomyelitis as symptomlcss infections arc so 
common Virus isolation must be interpreted 
along with clinical evidence. 

Scrodiagnosis is less often employed. The anti- 
body rise can be demonstrated in pjircd_scraT>y 
neutralisation or complement fixation tests. 
Antibodies appear soon after the onset of 
paralysis so lhal even the first sample of serum 
may contain appreciable amounts of antibody. 
Neutralising antibodies appear early and persist 
for fiTeTlrTCFtest antibodies to C antigen appe ars* 
first and disappear in a few months, while anti-D 
antibodies takesome weeks_tp appear after infec- 
tion but l ast for five years . The CF test is useful to 
identify exposure to poliovirus but not for tv pc 
specific diagnosis. 

Prophylaxis: Passiv e immunisation by adminis- 
tration of human ga mma globulin is of limited 
value and isreslricled to special cases at high risk 
as in pregnant w omen exposed to infection. 

Attempts at active immunisation w ith vaccines 
date from 1910, soon after the discovery of 
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poliovirus. The early vaccines were crude suspen- 
sions of the spinal cord from infected monkeys, 
inactivated with formalin (Brodie and Park) or 
rid noleate ( Kolm er) . They we re not only i ncf fec- 
tive but often dangerous, leading to vaccination 
poliomyelitis. Polio vaccines, therefore, became 
unpopular. It was only after 1949, when tissue 
culture was used for growing the virus and the 
existence of three antigenic types of polioviruses 
was recognised, that fresh developments in vac- 
cine preparation became possible. By 1953, Salk 
developed a killed vaccine. Almost simultane- 
ously, Koprowsky, Cox and Sabin independently 
developed Hvejgltenuttied vaccines. 

Salk’s killed polio vaccine is a formalin inacti- 
vated preparation of the three types of the 
poliovirus grown in monkey kidney tissue cul- 
ture. Standard virulent strains are used. The indi- 
vidual types of polioviruses are grown separately 
in monkey kidney cells. Viral pools of adequate 
titre are filtered to remove cell debris and 
clumps, and inactivated with formalin (1:4000) at 
37° C for 12-15 days. St ringent tes ts are carried 
out to ensure complete inactivation and freedom 
from extraneous agents. The three types are then 
pooled and, after further tests for safety and 
potency, are issued for use. 

A nationwide controlled field trial conducted 
in 1954 in the USA under the direction of Francis 
confirmed the safety of the Salk vaccine and 
showed that it gave 80-90 per cent protection 
against paralytic poliomyelitis. However, in 
W55 , «m Ynttoerd Yrappericd Yrrm lei 

to doubts about the safety of the vaccine. Over 
100 cases of paralytic poliomyelitis occurred in 
the vaccinees and their contacts following use of 
an insufficiently inactivated vaccine . This ‘Cutter 
incident’ was investigated in detail and led to the 
introduction of further safeguards. The vaccine, 
after these modifications, has been completely 
safe 

Killed vaccine is given by in ject ion. Three 
doses given 4 -6 weeks a part constitute the prim- 
ary vaccination , to be followed by a b oost er to be 
given s ix months l ater. The first dose should be 
given to babies af ter the ace of six mon ths to 


ensure that the antibody response is not impaired 
by residual maternal antibodies. Immunity can 
be sustained by bo oster doses every 3-S y ears 
thereafter. 

Live 1 polio vaccines were developed indepen- 
dently by Koprowsky, Cox and Sabin. Kop- 
rowsky. in 1952, reported vaccination of children 
with a strain of poliovirus ty pe' 2 attenu ated by 
repeated passage in cotton_rats. Subsequently, 
attenuated strains were selected by growth in tis- 
sue culture. All three vaccines were used initially, 
but now only Sabin’s attenu ated strains are 
employed These have been obtained by plaque 
se lection in monkey kidney tissue _culture. 
Attenuated strains for live vaccine should possess 
the following criteria: _1) They Should not be 
neurovirulent as tested by intraspinal inoculation 
in monkeys; 2) they should be able to set up intes- 
tinal infection following feeding and should 
induce an immune response; 3) they should be 
stable and should not acquire ncurovirulence 
after serial enteric passage; 4) they should pos- 
sess stable genetic characteristics (markers) by 
which they can be differentiated from the wild 
virulent strains. 

Several markers have been described for dif- 
ferentiating the wild from the attenuated strains. 
The following markers are commonly used: 
1) d marker: wild strains will grow well in low 
levels of bicarbonate, but avirulent strains will 
not; 2 ) ret 40: wild strains grow well at40 4 Cwhilc 
avirulent strains grow poorly; 3) MS: wild strains 
grow ‘weYi im vratte cti'i Yme tA Triarfctfy fcv&fttty 
while avirulent strains grow poorly; and 4) 
McBride’s intratypic antigenic marker shown by 
the rate of inactivation by specific antiserum. 

Live polio vaccine is prepared by growing the 
attenuated strains in monkey kidney cells. Very 
stringent precautions are taken lo ensure free- 
dom from extraneous agents like SV 40 and 
B virus. After tests fot.neurovirulence, genetic 
stability and potency, the vaccine is issued eithet 
in the monovalent or trivalcnl iorm. in pleasantly 
flavoured syrup or candy. The use of molar 
MgCja o r sne ros e-stabilises t he_yaccin& jif;a i nM 
h<-at inactivatio n, particularly under tropical con- 
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ditions. The vaccine is usually given in the trjyp - 
lent form. It can be given to infants, as the mater- 
nal antibody has little effect on intestinal infec- 
tion. Theoretically, a single dose should be suffi- 
cient to establish infection and. immunity but in 
practice t hree doses are given at 6-8 week inter- 
yals, to ensure that all three types of the vaccine 
virus multiply in the intestine, overcoming inter- 
ference among themselves and with other enteric 
viruses. Jt has been recommended that, in the 
t ropics, the number of doses of vaccine be 
increased to five , in order to ensure seroconve r- 
s ion in the vaccine es. 

Live oral poliovaccme used in India is stated to 
contain T ype 1 vi rus lOJakh. Type 2 virus 2 jakh 
and Type 3 virus 3JLakh TC 1D50 p er dose (0.5 
ml). The liquid vaccine is thc rmostabilise d with 
M gCh which ac ts only at a pH below 7J L To 
maintain the pH, thd vaccine has to be kept in air- 
tigbljcojitaipers. The shelf li fe of the vaccine at 
-MfC is four mo nths and at -20°C i s two yea rs. 

There has been much controversy about the 
relative merits of killed and live vaccines. They 
may be considered under the following headings: 

) Safety: Bolh vaccines arc safe. It has been 
suggested that the a ttenuated strains tend t o 
ac quire ncurov irulence on serial enteric passage 
as may happen following vaccination. A few 
cases of vaccine induced poliomyelitis have been 
reported but the incidence is so low (one in several 
million) that the risk is negligible. Over a billion 
doses of live vaccine have been administered by 
now in different parts of the world. The Ijve_y ac- 
cine is not safe in the immimodeficient or 
immunosu ppress ed subjects, but the killed vac- 
cine will do no harm. 

e3 Efficiency : A full course of killed vaccine induces 
a satisfactory immune response. One or two 
doses’oTRve vaccines have produced 90-100 pier 
cent seroconversion in children in the advanced 
countries. But in the developing countries in the 
tro pjjs, ihe res pon se has not been so sat isfactory. 
This is especially so with po lio type 1 . more than 
half the vaccinees failing to show’ serological 


response after tw o orthrefcjlo ses. The reason for 
this disparifyuTnoT certain , though several pos- 
sibilities have been suggested. Intestinal carri age 
o f enteroviruse s is common in the tropics and this 
may prevent ^ infection by the va ccine-virus by 
i nterferen ce. Experimentally, it has been shown 
that co xsackie B viruses may i nterfere— with 
p olioviru s while co xsackie A mav be synergistic. 
Dtarrhoeal diseases are highly prevalent. 
Increased Intestinal motility prevent s colonisa- 
tion by the vaccine virus. Failure of oral vaccina- 
tion may also be due to the practice of breast 
feeding immediately before o r after the vacc ineVs 
given. The vaccine virus may be neutralised by 
antibodies in the breast milk or by some other 
inhibitory agent in the intestinal secretions. An 
inhibitor of poliovirus has been identified in 
saliva. This can be neutralised by horse antiserum 
t o huma n eamm a globuflnTBecause of the poor 
rate of seroconversion after oral immunisation in 
India "and other tropical areas, primary immuni- 
sation with killed vaccines (given along with the 
triple antigen) may become necessary. This may 
be followed by live oral vaccines for achieving 
intestinal immunity. 

"ZEase of administration ljyavaccine given orally 
is obviously preferable to killed vaccine given by 
inj ectio n. An advantage of the killed vaccine is 
that it can be administered a long wi th_th&-PKT _ 
vaccine as a ‘q uadruple vacc ine*. 

4 Economy: Live vaccine is very much more 
economical. This is an important aspect in mass 
vaccination campaigns in the developing coun- 
tries. 

yfJatttre of immunity: This is perhaps the most 
important point of difference between the two. 
Kille d vaccine induces onlv svst emic-anUhody 
response. There is no intestinal im munity, so that 
even in the vaccinated, infection with a wild 
strain may lead to intestinal multiplication and 
dissemination of the virus. The individual is pro- 
tected by the circulating antibodies. Live vaccine, 
on the other hand, induces lo cal immuni ty in the 
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gut so that wild viruses are unable to multiply in 
the intestines. Hence, it protects the individual 
and the community. 

£ Duration of immunity: immunity following killed 
vaccine may need to be maintained by booster 
doses periodically, while immunity following live 
vaccine resembles natural active immunity in 
being lifelong. 

'tUse in epidemics: Communitywide administra- 
tion of live vaccine, ideally monovalent vaccine 
of the same type as that causing the epidemic, 
early during an epidemic of paralytic poliomyeli- 
tis can stop the epidemic. This has been success- 
fully practised in different parts of the world. 

8 Spread of vaccine virus in the community. TTie 
tendency of the vaccine virus to spread naturally 
in the community, especially among children, 
was considered a disadvantage. Actually, it may 
even be beneficial and may help to extend the 
vaccine coverage in a community. Ideally, how- 
ever, it is desirable to vaccinate the whole com- 
munity at one time so that natur al dissemination 
is prevented. The strategy of administering the 
vaccine to all children in a region on the same day 
(pulse immunisation) has been found to be useful 
in the developing countries. 

Eradication of poliomyelitis: By global immuni- 
sation with Iivc_' vaccine, it is possible to eradicate 
the disease The World Health Organisation 
Assembly at its 15th Planning meeting on 13th 
May, 1988, has passed a resolution committing 
the WHO to global eradication ol poliomyelitis 
by the year 2000. 

Epidemiology: Poliomyelitis is an exclusively 
human disease and the only source of virus is 
man, the patient or much more commonly the 
symptomless earner. Patients shed the virus in 
faeces for varying periods, about 50 per cent for 
three weeks and a small proportion for 3-4 
months. No permanent carrier s occur. While 
faecal virus is the important source of dissemina- 


tion in the community, virus shed in tbjoat secre- 
tions during the eariy part of the disease seems to 
be an equally important source of infection for 
the contacts of patients. 

Infection is, in general, asymptomatic. The 
ratio of subclinical to clinical infections has been 
stated as 100 or 1000 to 1. The outcome of infec- 
tion ts influenced by the virulence of the infecting 
strain, the dose of infection and the age of the 
individual, adults being more susceptible than 
children. The following factors may predispose to 
the incidence of paralysis: 1) Pregnancy carries 
an increased risk of paralysis, perhaps due to the 
associated hormonal changes. 2) Tonsillectomy 
during the incubation period may lead to bulbar 
poliomyelitis. 3) Injections such as triple vaccine, 
especially alum containing preparations, may 
lead to paralysis involving the inoculated limb. 
The mechanism is uncertain. The trauma may 
lead to virus entry into local nerve fibres, or the 
segment of sptnal cord corresponding to the site 
may be more susceptible to viral damage due to 
reactive heperaemia. 4) Severe muscular exer- 
tion or trauma during the preparalytic stage 
increases the risk of paralysis. 

Poliovirus type 1 is responsible for most 
epidemics of paralytic poliomyelitis. Type 3 also 
causes epidemics to a lesser extent. Type 2 usu- 
ally causes inapparent infections in the western 
countnes, but in India paralysis due to type 2 is 
quite common. Immunity is type specific, but 
there is significant amount of cross protection 
between types 1 and 2. between types 2 and 3, 
and little or none b etweentypes 1 and 3. 

Poliomyelitis is worldwide in distribution 
Originally, the epidemiology of the disease was 
similar in all countnes and paralysis was seen ex- 
clusively in children (i nfantile paralysi s). With 
improvement of living conditions andsanitation 
in the advanced countries, the age distribution 
changed and paralytic cases in adults became 
more common. This was due to a lack of natural 
contact withJhc virus during childhood so that a 
population of adults grew up without immunity 
to the disease. By systematic immunisation with 
either live or killed vaccine, many affluent coun- 



PICORNA VIRUSES 


47 9 


tries have achieved virtuaJ eradication of the dis- 
ease- In the developing nations, the situation has 
not changed. In India and other tropical coun- 
tries, about 90 per cent of children acquire 
antibodies to all three types of poliovirus by the 
age of five years. Over 80 per cent of all paralytic 
cases occur before the age of three years and only 
very occasionally does a case occur after the first 
decade of life. The incidence of paralytic 
poliomyelitis in India is 20-40/100,000 popula- 
tion per year. Every two minutes a child becomes 
paralysed making a total of 720 every day. An 
estimated 200,000 children develop paralytic 
poliomyelitis annually in India, more than in all 
the rest of the world put together. The disease is 
equally prevalent in rural and urban areas. 

The epidemiology of poliomyelitis has under- 
gone marked changes during the last three 
decades with the use of polio vaccines. Immuni- 
sation provides a tool for eradicating the disease 
altogether. But the elimination of the disease 
from a community or a nation brings on the 
responsibility of maintaining the immunity by a 
continuing programme of surveillance and vacci- 
nation of new entrants, lest the absence of natural 
immunisation m childhood should produce a gen- 
eration highly susceptible to the disease 


Coxsackieviruses 

The prototype strain was isolated by Dalldorf 
and Sickles (1948) from Coxsackie village in New 
York. Several related viruses have been isolated 
since then from different parts of the world. The 
characteristic feature of this group is their ability 
to infect suckling, but not adult mice. Based on 
the pathological changes produced in suckling 
mice, coxsackieviruses are classified into two 
groups, A and B. 

Properties of the virus: Coxsackieviruses are typi- 
cal picornaviruses. Following inoculation in suck- 
ling mice, group A viruses produce a generalised 
myositis and fla ccid paralysis leading to death 
within a week. Groupjkyiruses produce a patchy 


focal myositis, spastic paralysis, necrosis of the 
brown fat and, often, pancreatitis, hepatitis, 
myocarditis and encephalitis. By neutralisation 
tests, group A viruses are classified into 24 
types and group B into six types. All types in the 
group B share a common complement fixing anti- 
gen. Coxsackie A 23 is the same as echo 9. 
Some coxsackieviruses (A 7,20,21,24 and B 
1,3,5,6) agglutinate human or monkey erythro- 
cytes. 

Host range and growth: It is necessary to employ 
suckling mice for the isolation of coxsac- 
kieviruses. Inoculation is usually made by 
intracerebral, subcutaneous and intraperitoneal 
routes. Adult mice are not susceptible. Suckling 
hamsters can be infected experimentally. 

All coxsackie B viruses grow well in monkey 
kidney tissue cultures, while in group A, only 
type 9 grows well. Some group A viruses grow in 
HeLa cells. 

Clinical features: Coxsackieviruses produce a 
variety of clinical syndromes in man, ranging 
from trivial to fatal infections. The following 
types have been recognised. 

1. Herpangina ( vesicular pharyngitis) is a com- 
mon clinical manifestation of coxsackie group A 
infection in children. It is a severe febrile pharyn- 
gitis, with headache, vomiting and pain in the 
abdomen. The characteristic lesions are small 
vesicles, on the fauces and posterior pharyngeal 
wall , that break down to form ulcers . 

2. Aseptic meningitis may be caused by most 
group A and all group B viruses. A maculopapu- 
lar rash may be present. The disease may some- 
times occur as epidemics. Occasionally, the pic- 
ture may resemble paralytic poliomyelitis. Rus- 
sian workers had suggested that coxsackie A7 be 
classified as poliovirus type 4 because of its ten- 
dency to produce paralysis. 

3. Epidemics of fever with maculopapufar or 
vesicular rashes may be produced by types A9, 1 6 
and 23. A vesicular lesion involving mouth, 
hands and feet can be caused bv A 5, IQ or 16 
(hand, foot and mouth disease). 
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4. Minor respiratory infections resembling 
common cold may be caused by A 10,21 .24 and B3 

5. Epidemic pleurodynia or Bornholm disease 
(so called because it was first described on the 
Danish island of Bornholm) is a febrile disease 
with stitch-Iikc pain in the chest and abdomen, 
caused by group Bviruscs.The disease mayoccur 
as epidemics nr sporadically. 

6. Myocarditis and pericarditis in the newborn, 
associated with high fatality may be caused by 
group B viruses The disease may sometimes 
occur in older children and adults also. 

7. Juvenile diabetes has been reported to be 
associated with coxsackic B4 infection, but a 
causal role for this virus has not been established. 

8. Orchitis due to coxsackievirus has also been 
reported 

9. Transplacental and neonatal transmission 
has been demonstrated with coxsackie B viruses 
resulting in a serious disseminated disease that 
may include hepatitis, myocarditis, meningo- 
encephalitis and adrenocortical involvement 

Laboratory tlutgnou\‘ Virus isolation from the 
lesions or from taeces may be made by inocula- 
tion into suckling mice Identification isbystudy- 
ing the histopathology in infected mice and by neu- 
tralisation tests Due to the existence of several 
antigenic types, serodiagnosis is not practicable. 

Epidemiology Like other enteroviruses, coxsac- 
kieviruses inhabit the alimentary canal primarily 
and are spread by the faecal-ora! route. Coxsac- 
kie B virus epidemics tend to occur every 2-5 
years. Young infants are most commonly affected. 
Vaccination is not practicable as there arc several 
serotypes and immunity is type specific. 

Echoviruses 

When tissue cultures became routine procedures 
in diagnostic virology, several cytopathogcnic 
viruses came lobe isolated from the faeces of sick 
as well as healthy individuals. These viruses were 
not pathogenic for laboratory animals. They 
were neutralised by pooled human gamma globu- 


lin. As they could not be associated with any par- 
ticular clinical disease then, they were called ‘or- 
phans’. They have been given the descriptive 
designation ‘enteric cytopathogcnic human 
orphan viruses’ and are generally known by the 
sigla’echoviruses*. ‘ 1 ■ 

Properties of the virus: Echoviruscs resemble 
other picornaviruscs in thcirpropertics. By neut- 
ralisation tests, they have been classified into 34 
serotypes. Types 10 and 28 have been removed 
from the group, the former becoming rcovirus 
and the latter a rhinovirus. > 

Some echoviruscs (types 3.6.7,11,12,13,19. 
20.21,24,29,30 and 33) agglutinate human ery- 
throcytes. Haemagglutinalion is followed by elu- 
tion, rendering the cells inagglutinable by echo or 
coxsackieviruses, but not by myxovtruscs. 

Growth and host range : All echoviruscs grow well 
in human and simian kidney cultures producing 
cytopathic effects Echoviruscs infect only man 
naturally. They are not pathogenic to laboratory 
animals though occasional strains may produce 
paresis on inoculation into monkeys and new- 
born mice. 

Resistance. The presence of IJ.5 ppm ol tree 
chlorine inactivates in ten minutes the quantity of 
cchoviruses commonly encountered in swimming 
pools It is not inactivated by 70% ethanol and 
5% lysol.lt is resistant to 20% ether at 4°C for 18 
hours and todeoxycholate. 

Clinical features: Though echoviruscs were origi- 
nally considered to be ‘orphans' they have since 
been shown to produce a variety of disease pat- 
terns. Most infections are asymptomatic. In gen- 
eral. the clinical features resemble those pro- 
duced by coxsackieviruses. Fever with rash and 
aseptic meningitis, sometimes as epidemics, can 
be produced by several serotypes, predominantly 
by types 4, 6, 9 and 16 Echoviruses perhaps con- 
stitute the commonest cause of aseptic menin- 
gitis. Echoviruses have frequently been isolated 
from minor respiratory disease and gastrocn- 
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ieritiv. but their jetiological role has not been 
proved. Paralysis, gastroenteritis and hepatic 
necrosis usually ending fatally have also been 
attributed to echoviruscs. 

Laboratory diagnosis: Faeces, throat swabs or 
CSF may be inoculated into monkey kidney tis- 
sue cultures and virus growth detected by 
cytopathic changes. The large number of sero- 
types makes identification by neutralisation tests 
laborious. This may be simplified by haemag- 
glutination and the use of serum pools for neutra- 
lisation. Serological diagnosis is not practicable 
except in case of epidemics where the causative 
serotype has been identified. 

Epidemiology: Like other enteroviruses, echo- 
viruses inhabit the alimentary tract primarily and 
are spread by the Faecal-oral route. Epidemics 
may occur, especially in summer. Vaccination 
has not been attempted. 


New enterovirus types: Of the five new 
enterovirus types 68-72, type 68 was isolated 
from pharyngeal secretions of children with 
pneumonia and bronchitis, and type 71 from 
cases of meningitis and encephalitis. Type 69 is 
not associated with any human disease. Type 70 
causes acute haemorhagic conjunctivitis. Type 72 
is Hepatitis virus type A. 

Acute haemorrhagic conjunctivitis 

A pandemic of acute haemorrhagic con- 
junctivitis, apparently arising in West Africa in 
1969 has spread widely involving several parts of 
Africa, India, South East Asia. Japan, England 
and Europe. The incubation period is about 24 
hours and the symptoms are su dden swel ling, 
con gestio n, watering and pain in the eye s. Sub- 
conjungitval haemorrhage VsTcharacteristic fea- 
ture. There is transient cornea! involvement, but 
r ecovery is usually complete in J^2-_davs. 


TABLE 54.1 

Clinical syndromes commonly caused by Enteroviruses 


Syndrome 

Poliovirus 

Coxsackie A 

Coxsackie B 

Echo 

New entero- 
virus types 

Paralysis 

1,2,3, 

7 

- 

- 

- 

Aseptic meningitis 

1,2,3 

7,9,23 

1-6 

Several 
(2,3,4, 6,7,9 
11,14,16,17, 
18,19,25,33) 

71 

Encephalitis 

1,2.3 

9 

3-6 

6,9,17,19 

71 

Fever with rash 

Hand, foot and mouth 


9,16,23 


4,6,9,16 

~ 

< ’ disease 

- 

5,10,16 

- 

- 

- 

Herpangina 

Upper respiratory 


1-6,8,10 

“ 

“ 

~ 

infection 

Pneumonitis, Bron- 


21 


11,20 


chiohtis 

\ - 

- 

_ 

- 

6S 

Bornholm disease 

- 

- 

1-5 

- 

- 

Myocarditis, pericarditis 
Acute haemorrhagic 

- 


t-5 



conjunctivitis 
Hepatitis Type A 


24 



70 

72 




482 


TEXTBOOK OF MICROBtOLOOY 


RadiculonjyeJopathy has been reported as a com- Properties of the viruses: Rhinoviruses resemble 
plication from India. Sometimes it leads to other picornaviruses in size and structure. They 
paralysis resembling poliomyelitis. differ from enteroviruses in being more acid 

The causative agent has been identified as labile, but more heat stable. By neutralisation 
c rUgxovi r i s -x ype-Tfc It grows only on cultured tests, they have been classified into over 110 
human cells (human embryonic kidney or HeLa) serotypes. Immunity is type specific, 
on primary isolation, but can be adapted to grow 

on monkey kidney cells. Coxsackievirus type A Host range and growth: Apart from man, 
24 also produces the same disease. Both these vir- rhinoviruses can produce experimental infection 
uses show intratypic antige nic differences. only in chimpanzees . Related rhinoviruses have 

been isolated from cattle and horses, but their 
RHINOVIRUSES significance in human infection is not known. . 

Rhinoviruses can be grown in t issue c ul( m ;ps of 
Common cold is probably the commonest infecti- h uman or simian origin with cvt opa thic chan ges, 
oils disease of man. Bacteria free filtrates of nasal if g ood oxygenat ion (achieved by rollmg)jJmv 
secretions from patients had been shown to trans- pH (around 7) and low temperatur e (33°C) are 
mit colds to human volunteers as early as 1914. provided. Depending upon growth in tissue cul- 
Dochcz (1938) reported similar transmission of ture, rhinoviruses are classified into H and M 
colds to chimpanzees. From 1946, a group of strains. H strains grow only in human cells while., 
workers under C.H. Andrcwes had been inves- strains grow equally wel LinJm marua nd-rfton - 

ugating the disease using human volunteers at the key cel ls. 

Common Cold Research Unit. Salisbury, U.K. 

The common cold virus was isolated there by Tyr- Epidemiology: Common cold is an infectious 
roll and his colleagues (1960) by inoculating disease transmitted by droplets. The incubation 
specimens inio monkey kidney tissue culture period is about two days. The duration of 
incubated on roller drums at 33°C instead of virus shedding is not known, though it Is unlikely 

37®C and using a medium containing a lower to be prolonged. Contrary to popular belief, 

bicarbonate concentration than usual A related there is no direct r elation between inclemen t 
virus had been described earlier independently wSathcramTeomnibn cold The mult iplicrty^of 
by Price and by Pelon and colleagues (1956) and serotypes makes vaccination impossible, 
named JH and 2060, respectively. This was clas- Moreover, common cold is a syndrome produced 
si fied as echovirus type 28 These and several not only by rhinovtnrses. hut a ls o by a variety o f 

similar viruses from common cold cases reported other groups such as respiratory syncyp al. 

thereafter by other workers were known as com- c orona, c oxsackie , e yho. adeno, i n fluenza and 
mon cold viruses, Salisbury viruses or muri- p arainfluenza viruse s. Hope of specific control 
viruses, till the name rhinovirus was finally therefore lies~in the development of antiviral 
applied to this group. chemotherapy. M 
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Orthomyxovirus 


The name Myxovirus was proposed originally for 
a group of enveloped RN A viruses characterised 
by their ability to adsorb on to mucoprotein recep- 
tors on erythrocytes , causing haemaggfutination. 
The name referred to the affinity of the viruses to 
mucins (from myxa, meaning mucus.) Included 
in this group were influenza, mumps, Newcastle 
disease and parainfluenza viruses. The sub- 
sequent recognition of important differences bet- 
ween influenza viruses and the other viruses in 
this group led to their being reclassified into two 
separate families — Orthomyxovindae consist- 
ing of the influenza viruses and Paramyxoviridae 


consisting of the Newcastle disease virus, 
mumpsvirus, parainfluenzaviruses, measles and 
respiratory syncytial viruses. Table 55.1 lists the 
important differences between orthomyxovirus 
and paramyxovirus. 

INFLUENZA 

Influenza is an acute infectious disease of the 
respiratory tract which occurs in sporadic, 
epidemic and pandemic forms. The name ‘in- 
fluenza’ is said to have been given by Italians dur- 
ing the epidemic of 1358, which they ascribed to 


TABLE 55.1 

Distinguishing features of orthomyxovirus and paramyxovirus 


Property 

Orthomyxovirus 

Paramyxovirus 

Size of virion 

80-120 nm 

100-300 nm 

"sKape 

.Spherical; filaments 
in fresh isolates 

.Pleomorphic 

Genome 

Sesmented: eight 

B9SSH9 

Diameter of 

.pieces of RNA 

QfKNA 

nudeocapsid 

She of synthesis of 

9nm 

18 nm 

MpggjggRTi g t .i 

Nucleus 

Cytoplasm 

Genetic recombination 

Common 

Absent 

DNA-dependent 

■35B5SI0K HI 

Not required 

RN A synthesis 

^multiplication 

Effect of Actino- 

Inhibits multiplication 

Does not inhibit 

mycin D 



Antigenic stability 

Variable 

Stable 

Haemolysm 

Absent 

Present 
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the malevolent influence of the heavenly bodies 
or of inclement weather. The modern history of 
the disease may be considered to date from the 
pandemic of 1889-1890, during which Pfeiffer 
isolated Haemophilus influenzae and claimed it 
to be the causative agent. The most severe pan- 
demic occurred in 1918-1919, when it was shown 
that Pfeiffer’s bacillus was not the primary cause 
of the disease, though it may act as a secondary 
invader. The isolation of the influenza virus in 
1933 by Smith, Andrewes and Laidlaw was a 
milestone in the development of medical viro- 
logy. They reproduced the disease in ferrets by 
intranasal inoculation with bacteria free filtrates 
of nasopharyngeal s'ecrctions from patients. Bur- 
net (1935) developed chick embryo techniques 
for propagation of the virus. 

A notable advance was the independent dis- 
covery by Hirst, and by McClelland and Hare 
(1941) that influenza viruses agglutinate fowl 
erythrocytes. The property of haemagglutination 
was found to be a common feature of many other 
viruses. 

Francis and Magill (1940) independently iso- 
lated a serotype of influenza virus which was 
unrelated to the strains known till then. This was 
designated influenza virus type B, to distinguish 
it from the original serotype, which was named 
type A. Taylor (1949) isolated the third 
scTOtype of influenza virus, type C. The classifi- 
cation of influenza viruses into the three 
serotypes. A, B and C, is based on the antigenic 
nature of the ‘internal’ or ribonucleoprotein anti- 
gen. 

Influenza occurs also in animals and birds in 
nature. Indeed, the avian influenza virus was de- 
monstrated as early as in 1901, when Centanni 
and Avonuzzi showed that fowl plague was a 
virus disease. But. as fowl plague is a septicaemia 
so different clinically from human influenza, the 
association between the two remained unknown 
till 1955, when Schaefer demonstrated that the 
fowl plague virus was antigenically related to the 
influenza virus. Shope (1931) isolated the swine 
influenza virus. Not only did the swine disease 
resemble human influenza clinically, but there 
was also epidemiological association between the 


two. U was widely held that the virus spread to 
swine from man at the time of the 1918 pandemic 
Influenza viruses have also been isolated from 
horses, whales and seals. Birds appear to be an 
important reservoir of influenza virusand natural 
infection has been identified in several avian 
species. The cloaca of healthy wild birds was 
found to give greater isolations of Influenza vir- 
uses than the respiratory tract. All isolates from 
nonhuman hosts belong to type A. Influenza 
virus types B and C appear to be exclusively 
human viruses and natural infection with them 
has not been identified in animats or birds. How- 
ever, in 1983, influenza virus type C isolations 
have been reported from pigs in China and 
antibodies demonstrated in them. Ordinarily, 
nonhuman influenza viruses do not cause human 
infection. But they may play an important role in 
the emergence of pandemic influenza. 

Influenza viruses 

Morphology: The influe nza virus is typically 
s pheric al, with aUTameter of 80-?- 120 nm, bu t 
pleomorpliism is common . Filamentous forms, 
upto several micron s i n length and readily visible 
u nder the dark ground microscope, arc frequen t 
in freshly isolated stra ins. 

The virus core consists of ribonuc leoprotein in 
helical symmetry. The .sing l e-stranded RNA 
ge nome is segmen te d and exists as e ight p]g££2» 
The nucleocapsid is surrounded by an envelope . 
It has a n inner 'membrane protein' layer and an 
o uter lipid laye r. T he membrane prolein is also 
kno wn as the ‘matrix* o r_‘M protein* . ' I he nrQ lem 
pa rt of The envelope is virus cotfc iT but the j jpjtl 
lay er is derived from the modified host cell m ein- 
brane, durin g the process ot replication by hud ; 
di ng. A tt ached to the lipid layer of the envelope 
are two types of peplomer s — hacmagglutifllfT 
spikes w hich are triangular m cross section and 
t he mushroom shaped neuraminidase peplomer s 
which are less n umero us (Fig. 55. 1 )• 

Resistance: The virus is inactivated by heating at 
50°C for 30 minutes. It remains viable at U-4° C 
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produces agglutination of a fixed quantity of cel ls 
is known as its hacmacglutination titr e. Haemag- 
glutinin is more r esistant to physical and che mical 
agents than infectivit y. Therefore, hacmaRgluti- 
nation can be used for the titration of inactivated 
influ enza virus also, as for example, m the stan- 
dardisation of killed in fluenza virus jvaccincs. 
Haemagglutination is in hibited by the speci fican- 
tibody. Haemagglutination inhibition, therefore, 
offers a convenient method for (he detection an d 
quantitation ofantibody to the virus A disadvan- 
tage of this serologicai technique is the frequent 
presence in sera of certain substances that cause 
nonspecific inhibition of haemagglutination. Dif- 
ferent kinds of nonspecific inhibit ors have been 
identified in sera and have been given names such 
as a lpha (Francis), beta (Chu), and g amm a 
(Shimojo) inhibitors. They are mostt y glycopr o- 
tcins. A variety of techniques have been intro- 
duced for i nactivati ng them without affecting the 
antibody content of sera. These include treat- 
ment with I£DE, trypsin, po tassium period ate, 
k aolin and COi. No single method has been 
found effective in destroying completely in- 
hibitors to all types of viruses from all kinds of 
sera. Virus strains vary in their susceptibility to 
nonspecific inhibitors When available L t he use of 
a strain insusceptible to such inhibitors would c n- 
hance the value of haemagg lutination inhibitio n 
tests 

Haemagglutination and elution can be used for 
puri fying and concentrating influ cnziL-vimses . 
The plasma membranes of cells in wh ich the-Vtrus 
(S multiplying contain the h aemagglutinin . 
Therefore, red cells arc adsorbedorTto the sur- 
face of such cells. This is the basis ofh aemadsorp - 
tion, a technique by which the growth of the in- 
fluenza virus in cell cultures can be identified. 

Antigenic structure: The antigens of the influenza 
virus can be classified as the ‘internal antigens* 
and the ‘surface antigens’. The internal antigen is 
the nbonuclcoprotein and is hence called the 
RNP antigen. Because it is found free in infected 
tissues and occurs in the supernatant when the 
virus containing fluid is centrifuged, it was also 


called the ‘soluble’ (S) antigen. The RNP antigen 
can be demonstrated by complement fixation and 
immunoprecipitation tests. It is type specific and 
based on its nature, influenza viruses are clas- 
sified into types A, B and C. The RNP antigensof 
types A,B and C are distinct, but all strains of any 
one type possess the same antigen. The RNP an- 
tigen is stable and does not exhibit any significant 
antigenic variation. The antibody develops fol- 
lowing infection, but not ordinarily in persons im- 
munised with killed vaccines. 

The ‘membrane protein' antigen is type 
specific. The envelope lipid antigen is host 
specific and is determined by the species in which 
virus replication talces place. 

The term ‘viral’ or V antigen was used formerly 
to describe the surface antigen of the influenza 
virus. Antibodies to the V antigen were esti- 
mated by complement fixation. The V antigen is 
actually composed of at least two virus coded pro- 
teins, the haemagglutinin and the neuramini- 
dase. The two proteins have been isolated and 
purified. 

The haemagglutinin is a glycoprotein com- 
posed of two polypeptides — HA 1 and HA 2. It 
is responsible for haemagglutination and hae- 
madsorption. It enables the virus to adsorb to 
mucoprotein receptors on red cells as well as on 
respiratory epithelial cells. Antihaemagglutinin 
antibodies are produced following infection and 
immunisation. This antibody is protective by pre- 
venting adsorption of virus to cells. The 
haemagglutinin is a strain specific antigen and is 
capable of great variation. 

The neuraminidase is a glycoprotein enzyme 
which destroys cell receptors by hydrolytic cleav- 
age. The antineuraminidasc antibody is formed 
following infection and immunisation. It is not as 
effective in protection as the antihaemagglutinin 
antibody. It docs not prevent the adsorption of 
virus on to cells, but can inhibit the release of 
progeny virions and may thus contribute to limit- 
ing the infection. The neuraminidase is a strain 
specific antigen and exhibits variation. 

Antigenic variation : A unique feature of the 


ORTHOMYXOVIRUS 


487 


influenza virus is its ability to undergo antigenic 
variation. This is of great importance in the epide- 
miology of the disease. Antigenic variability is 
highest in the influenza virus type A and less in type 
B, while it has not been demons. ».jted in type C. 

The interna! RNP antigen is stable, but both 
the surface antigens, haemagglutinin and neura- 
minidase undergo independent antigenic varia- 
tions, Depending on its degree, antigenic varia- 
tion has been classified as ‘antigenic drift’ and 
‘antigenic shift’. The gradual sequential change 
in antigenic structure occurring regularly at fre- 
quent intervals is known as antigenic drift. Here, 
the new antigens, though different from the pre- 
vious antigens, are yet related to them, so that 
they react with antisera to the predecessor virus 
strains, at least to a limited extent. Antigenic drift 
is due to mutation and selection, the process 
being influenced by the presence of antibodies to 
the predecessor strains in the host population. 
The antigenic drift accounts for the periodical 
epidemics of influenza. 

Antigenic shift, on the other hand, is an 
abrupt, drastic, discontinuous variation in the 
antigenic structure, resulting in a novel virus 
strain unrelated antigenically to predecessor 
strains. Such changes may involve the 
haemagglutinin, the neuraminidase or both. 
Antibodies to predecessor viruses do not neut- 
ralise the new variants and they can, therefore, 
spread widely in the population causing major 
epidemics orpandemics. The changes involved in 
the antigenic shift are so extensive that they are 
unlikely to be the result of mutation. 


Antigenic classification : Influenza virus type A 
strains can be classified into subtypes based on 
variations in their surface antigens. Originally 
only variations in the haemagglutinin were 
studied, and sublyping depended only on 
antigenic shifts occurring in the haemagglutinin. 
The earliest isolates (\VS, PR8 and related 
strains) were designated AO. In 3946, the 
haemagglutinin underwent a major change and 
these stiains (CAM, FM1 and others) were 
named A1 or A’ (A prime). In 1957, new pan- 
demic strains originated in Asia. These were cal- 
led the A2 (Asian) strains. The next major 
change occurred in 1968 with the emergence of 
the A2 (Hong Kong) subtype. Within each of 
these subtypes, the strains have shown a gradual 
antigenic drift. 

With the recognition that viral neuraminidase 
also undergoes independent antigenic variation, 
a new system of classification was proposed by 
the WHO in 1971, which took into account the 
nature of both the surface antigens. According to 
this, the haemagglutininsof AO, Al, A2 (Asian) 
and A2 (Hong Kong) are named HO, HI . H2 and 
H3, respectively. The neuraminidases of human 
influenza type A viruses belong to two subtypes 
— the subtype N 1 occurring in AO and A 1 strains, 
and subtype N2 in A2 (Asian) and A2 (Hong 
Kong) strains. The complete designation of a 
strain will include the type, place of origin, serial 
number and year of isolation followed by the 
antigenic subtypes of the haemagglutinin and 
neuraminidase in parenthesis, for example 
A/Hong Kong/1/68 (H3N2). 


TABLE 55.2 

Antigenic subtypes of influenza virus type A 


Old designation 

Subtype 

Reference strains 

AO 

HON I 

A/PR/8/34 

Al 

H1N1 

A/FM/1/47 

A2 

H2N2 

A/Singapore/1/57 

A 2 (Hong Kong) 

H3N2 

A/Hong Kong/I/68 
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TABLE 55.3 

Representative influenza viruses of animals and birds 


Host 

Date of 

Place of 

Antigenic 



isolation 

isolation 

structure 


Sw ine 

1930 

USA 

Hswl 

N1 


1970 

Taiwan 

H3 

N2 

Horse 

1957 

Prague 

Heql 

Neql 


1963 

Miami 

Hcq2 

Neq2 

Chicken 

1927 

Indonesia 

Havl 

Neql 


1934 

Rostock 

Havl 

N1 


1949 

Germany 

Hav2 

Neql 


1959 

Scotland 

Hav5 

N1 

Duck 

1956 

England 

Hav3 

Navi 


1956 

Czechoslovakia 

Hav4 

Navi 


1963 

Ukraine 

Hav7 

Neq2 


1966 

Italy 

Hav2 

N2 


1968 

Germany 

Hav6 

N1 


1973 

Germany 

H2 

Nav2 


1974 

USA 

Hav3 

N6 


1976 

Alberta 

HavlO 

Nav5 

Tern 

1961 

Canada 

Hav6 

Neq2 

Turkey 

1963 

England 

Havl 

Nav3 


1965 

Massachusetts 

Hav6 

N2 


1966 

Wisconsin 

Hav9 

N2 


1968 

Ontano 

Hav8 

Nav4 

Quail 

1965 

Italy 

Hav2 

Neq2 

Shearwater 

1971 

Queensland 

Hav6 

Nav5 

Whale 

1978 

Pacific Ocean 

H»w 

N1 

Seal 

1980 

N.E. Coast of 

Havl 

Neq.l 


America 


Table 55.2 shows the antigenic subtypes of type 
A virus. 

Thts scheme of classification was applicable to 
the influenza viruses of nonhuman hosts also. The 
suffix *sw\ *eq*,or *av' after ‘H'or *N‘ referred to 
their origin from pigs, horses or birds (Table 
55.3) 


With their detailed antigenic and biochemical 
characterisation it was realised that several H and 
N antigens of the human and nonhuman Snflucn- 
zavirus subtypes were identical. Therefore, the 
WHO. in 1980, proposed a' new designation 
which abolished the suffixes *sw\ *eq' and ’av' 
and gave serial numbers for the H and N antigens 
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irrespective of their host of origin . Thus H3, Heq 2, 
and Hav 7 were all designated H3 because they 
were shown to be identical (Table 55.4). How- 
ever, till these designations become widely 
accepted, the old nomenclature also continues to 
be in use. 

Influenza virus type B also exhibits antigenic 
variation, but the changes have not been marked 
enough for the subtypes to be delineated. Type C 
virus has not undergone any antigenic variation. 

P-Q-R varinriont-I nfluenza virus strains .belong .- 
in g~U)~the same subty pe-r cven strains isolated 
durin g the course of a single outbreak — may 
be have differently in neutralis alion-tests-with 
an tisera . Van der Veen an d .Mulder called this 
t he P-Q-R varia tion . Strains in the P nha$e_w ere 
neut ralised by the homologous antiserum in high 
litre and by heterologous antiserum m lovvTTtr e. 
Stra ins in the Q phase were neutralised poorly b v 
eithe r homologous or heterologous sera. R phase 
strains were neu tralised bv both homologous an d 


heterologo us sera i niiigh-litre. The P-Q-R varia- 
tion appears to be due to the rearrangement of 
a ntigenic determinants on the-surface. of the vj r- 
ion. In the P phase, the dominant antig en is on 
tHe surf ace so tha t i t reactswith the specific an ti- 
body w ith high avidity while in the Q phas e the 
dominant antigen is apparently buried under the 
surface and hence inaccessible to the antibody. 
The P-Q-R phases are interconvertible by pas- 
saging the virus in the presence of the appropriate 
antiserum. 

O-D variation: Burnet and Bull (1943) observed 
that influenza virus type A underwent certain 
changes when serially passaged in eggs. They cal- 
led this the O-D variation. The fresh isolate was 
said to be in the ‘Original’ (O) phase and the pas- 
saged virus in the ‘Derived’ (D) phase. The 
Ojjhase vims grew well in the amnjoticca vitv of 
chick embryos, but only poorly or not at all in the 
allantoic cavity. It agglutinated mammalian ery- 
throcytes (guinea pig and human) to a high litre 


TABLE 55 4 

Current designations of If and N antigens of influenza viruses 


Haemaggtutinln Subtypes Neuraminidase Subtypes 


Previous 

designation 

Current 

designation 

(1980) 

Previous 

designation 

Current 

designation 

(1980) 

H0,H1,Hswl 

HI 

N1 

N1 

H2 

H2 

N2 

N2 

H3,Heq2,Hav7 

H3 

Nav2,Nav3 

N3 

Hav4 

H4 

Nav4 

N4 

Hav5 

H5 

Nav5 

N5 

Hav6 

H6 

Navi 

N6 

Heql.Havl 

H7 

Neql 

N7 

HavS 

H8 

Ncq2 

N8 

Hav9 

H9 

Nav6 

N9 

Hav2 

H10 



'Hav3 

Hll 



Hav 10 

H12 



Nil 

H13 




i as first isolated 
after 1980 
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and fowl erythrocytes only weakly or not at all. 
Filamentous forms were common. U was infecti- 
ous for man. The D phase virus, on the other 
hand, grew equally well in the amnioticand allan- 
toic cavities, agglutinated fowl erythrocytes as 
well as, or better than, mammalian cells, showed 
no filamentous forms and was relatively avuulent 
for man. The O-D variation was considered to 
result from mutation. 

Host range: Human influenza virus can cause 
experimental infection in a number of animal 
species. In most, the infection is asymptomatic, 
though virus shedding occurs from the respira- 
tory tract for a few days. Intranasal inoculation in 
ferrets produces an acute respiratory disease. 
This was the manner in which the influenza virus 
was first isolated Strains vary considerably in vir- 
ulence to ferrets, some producing severe febrile 
disease and others only asymptomatic infection. 
The virus can be ‘adapted* by serial intranasal 
passage in mice to produce fatal pulmonary infec- 
tion Ncurotropic mutants have been isolated 
which regularly produce fatal encephalitis after 
intracerebral inoculation in mice. 

The virus grows well in the amniotfc cavity of 
chick embryos After a few egg passages, the 
virus grows well in the allantoic cavity also, 
except for type C virus which docs not generally 
grow in the allantoic cavity. The Influenza virus 
docs not damage chick embryos, which may 
hatch out normally. Virus growth is detected by 
the appearance of haemagglutmin in the allantoic 
and ammotic fluids. 

The virus grows in monkey kidney cell cul- 
tures. Cytopathlc effects are not prominent and 
virus growth is detected by haemadsorption or 
demonstration of hacmaggtulinin in the culture 
fluid 

When passaged serially in eggs, using as 
inocula undiluted infected allantoic fluid, the 
progeny virus will show high haemagglutmin 
titre, but low infectivity. This has been called the 
Von Magnus phenomenon and is due to the for- 
mation of incomplete virus particles lacking nuc- 
leic acid. 


Pathogenesis: The route of entry is the respira- 
tory tract. In experimental infection in volun- 
teers, very small doses (approximately three via- 
ble particles) can initiate infection when given as 
aerosols. Larger doses are required when infec- 
tion is by intranasal instillation. The viral 
neuraminidase facilitates infection by reducing 
the viscosity of the mucus film lining the respira- 
tory tract and exposing the cell surface receptors 
for virus adsorption. The ciliated cells of the re- 
spiratory tract are the mam sites of virus infec- 
tion. These cells are damaged and shed, laying 
bare the basal cells in the trachea and bronchi. 
This renders the respiratory tract highly vulnera- 
ble to bacterial invasion. Viral pneumonia, seen 
only in the more severe cases, is associated with 
hypcracmia and thickening of alveolar walls, in- 
terstitial infiltration with leucocytes, capillary 
thrombosis and leucocytic exudation. In some 
cases a hyaline membrane is formed, occupying 
the alveolar ducts and alveoli. In the late stages, 
there is infiltration with macrophages which en- 
gulf and remove desquamated alveolar cells. 

The disease is ordinarily confined to the re- 
spiratory tract. Very rarely, the virus had been 
isolated from the spleen, liver, kidneys and other 
organs during the 1957 pandemic. 

Clinical features : The incubation period is 1-3 
days. The disease varies in severity from a mild 
coryza to fulminating and rapidly fatal pneu- 
monia. Most infections are subchnical. In the ty- 
pical clinical disease, the onset is abrupt, with 
fever, headache and generalised myalgia. Respi- 
ratory symptoms are prominent and severe pros- 
tration is common. Abdominal pain and vomiting 
may occur, especially in type B infection in chil- 
dren, which may even present as an acute abdom- 
inal emergency. The uncomplicated disease re- 
solves within 2-7 days. . , ‘ 

The most important complication is 
pneumonia, which is mainly due to bacterial 
superinfection or, rarely, caused by the virus 
itself. Cardiac complications, such as congestive 
failure or myocarditis and neurological involve- 
ment, such as encephalitis may occur rarely. 
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Influenza, particularly infection with type B, 
has been associated with Reye's syndrome. It 
specially affects young children and is charac- 
terised by acute degenerative changes in the 
brain, liver and kidneys. The possibility of con- 
genital defects if infection occurs in early pre- 
gnancy has been mooted. 

Laboratory diagnosis: 1. Demonstration of virus 
antigen: Rapid diagnosis of influenza may be 
made by demonstration of the virus antigen on 
the surface of the nasopharyngeal cells by 
immunofluorescence. Smears of nasal swabs and 
nasopharyngeal secretions or centrifuged deposit 
of throat garghngs are prepared on slides and 
treated with fluorescent conjugated influenza 
virus antiserum and examined under the 
ultraviolet microscope. The cells will be found to 
fluoresce due to the presence of viral antigens on 
the cell surface. 

2. Isolation of the virus: Virus isolation is readily 
obtained from the patients during the first two or 
three days of the illness, but usually not in the 
later stages. Throat garghngs are collected using 
broth saline or other suitable buffered salt solu- 
tion. If the specimen is not processed 
immediately, it should be stored at 4°C, or if the 
delay is long, at -70°C. The specimen should be 
treated with antibiotics to destroy bacteria. Isola- 
tion may be attempted in eggs or in monkey kid- 
ney cel) culture. 

The material is inoculated into the amniotic 
cavity of 1 1-13 day old eggs, using at least six eggs 
per specimen. After incubation at 35°C for three 
days, the eggs are chilled and the amniotic and 
allantoic fluids harvested separately. The fluids 
are tested for haemagglutination using guinea pig 
and fowl cells in parallel, at room temperature 
and at 4 6 C. Some strains of the influenza virus 
type A agglutinate only guinea pig cells on initial 
isolation. The type B virus agglutinates both 
cells, while type C strains agglutinate only fowl 
cells at 4°C. If no haemagglutination is seen, a 
blind passage of the chick embryo lung and liver 
homogenate into another set of eggs may some- 
times lead to recovery of the virus. The isolate is 


identified and typed by complement fixation test 
with antisera to types A, B and C. Subtype iden- 
tification is made by haemagglutination inhibi- 
tion test. Some of the recent type A strains can be 
isolated by direct allantoic inoculation of the clin- 
ical specimen into 9~U day old eggs. But type B 
and C viruses will be missed if only allantoic in- 
oculation is used. 

Inoculation into monkey kidney cel! cultures is 
nearly as efficient as egg inoculation for isolation 
of type A strains, and slightly more sensitive for 
type B strains. Inoculated cell cultures are incu- 
bated at 33 °C in roller drums. Virus growth can 
be identified by testing the culture fluid for 
haemagglutination Qr by haemadsorption. Rapid 
results can be obtained by demonstrating virus 
antigen in infected cell cultures by immunofluo- 
rescence. 

Serology: The complement fixation and hacmag- 
glutination inhibition tests are routinely emplo- 
yed for the serological diagnosis of influenza. It is 
essential to examine paired sera in parallel, to de- 
monstrate rise in titre of antibodies. 

Complement fixation tests with the RNP anti- 
gen of influenza virus types A, B and C arc very 
useful as the antibodies are formed during infec- 
tion, but not following immunisation with inacti- 
vated vaccines. Complement fixation can also be 
done using V antigens for the demonstration of 
strain specific antibodies. 

Haemagglutination inhibition is a convenient 
and sensitive test for the serological diagnosis of 
influenza. But it has some disadvantages. As the 
anlihaemagglutinin antibodies are subtype speci- 
fic, it is necessary to use as antigen the strain cur- 
rently causing infection. The major drawback is 
the frequent presence in the sera of nonspecific 
inhibitors of haemagglutination. The sera, suita- 
bly treated for the removal of nonspecific inhibi- 
tors, are diluted serially in perspex haemaggluti- 
nation plates and the influenza virus suspension 
containing 4 HA units added to each cup. Fowl 
red cells are then added. The highest dilution of 
scrum that inhibits haemagglutination is its HI 
litre. 
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It is possible to estimate the neuraminidase 
antibody b> enzyme neutralisation tests But 
these are too cumbersome for routine use. 

Radial immunodiffusion tests in agarose gel 
have been described for the identification of 
antibodies to the RNP antigen, haemagglutinin 
and neuraminidase. But these are more useful as 
screening tests tli an for routine diagnosis. 

Immunity: An attach of influenza confers protec- 
tion effective for about one or two years. The 
apparent short duration of immunity is due to the 
antigenic variation that the virus undergoes fre- 
quently. following infection and immunisation, 
circulating antibodies arc formed against the var- 
ious antigens of the virus. But it is the local con- 
centration of antihacmagglutinin and to a smaller 
extent, of antmcuraminidasc antibodies (mainly 
IgA) in the respiratory tract that is more relevant 
in protection 

When an individual experiences repeated 
infections with different antigenic variants of 
influenza virus type A. he responds by forming 
antibodies not only against each infecting strain, 
but also against the strain that he had come into 
contact with first. The dominant antibody res- 
ponse will be against the strain that caused the 
earliest infection. This phenomenon has been 
called the doctrine of ‘original antigenic sin’. 

Influenza virus infection induces cell mediated 
immunity also, but its role in protection has not 
been clarified. 

epidemiology: Influenza occurs sporadically, as 
epidemics or in pandemic form The source of 
infection is an infected individual. The virus is 
shed in the respiratory secretions shortly before 
the onset of illness and for 3-4 days thereafter. 
Subclimcal infections arc common Influenza 
virus type C is endemic throughout the world and 
causes very mildonnapparent infections. Type B 
strains cause sporadic as well as epidemic 
influenza, while type A strains can cause pan- 
demics as well. Sporadic influenza isof little pub- 
lic health importance as it is a mild self-limited 
condition. Epidemic influenza is important in the 


temperate regions where jt strikes during the 
winter months, producing considerable mortality 
in the aged and in those with cardiopulnicmaiy 
diseases.- In the tropics, epidemic influenza docs 
not exhibit a winter prevalence, though it tends to 
occur frequently in the monsoon season. 

What makes influenza an important and chal- 
lenging disease is its propensity for the produc- 
tion of pandemics. It is for this reason that 
worldwide surveillance is maintained on influ- 
enza, under the auspices of the WHO. Influenza 
pandemics have been recorded at irregular inter- 
vals from 1 173. Pandemics of modern times date 
from 1889. The most severe pandemic in human 
history occurred in 1918-1919, during which over 
20 mtllion people perished. An unusual featurcof 
this pandemic was the very high rate of mortality 
among young adults. The next pandemic ocurred 
in 1957 when the Asian strain originated in China 
and spread throughout the world within a short 
period. But. though it caused widespread mor- 
bidity, the mortality rate Was low. The Hong 
Kong strain originating in 1968 also caused a pan- 
demic, but it was much less severe. 

In 1977. epidemic influenza appeared in China 
and then in Russia (hence called the 'red flu’ 
facetiously). The disease was mainly confined to 
the under-20 age group. The isolate was iden- 
tified as H1N1 virus, antigenically very close 
to the strains prevalent in 1950. This HlNl virus 
has spread through most of the world, and, 
with H3N2 virus, currently cause human influ- 
enza. 1 ' 

The reason why the virus is able to cause 
epidemics and pandemics is- its ability to undergo 
antigenic variations. Antigenic drift, resulting 
from mutation and selection, is responsible for 
the epidemics. It has been shown experimentally 
that passaging the virus in the presence* of, 
antiserum leads to the appearance of such mut- 
ants. Pandemics are caused by a vims strain that 
has undergone antigenic shift. The variation in 
such instances is so marked and involves different 
polypeptides simultaneously, that mutation can- 
not explain it. It is now believed that pandemic 
strains originate from some animal or avian rescr- 
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voir, either spreading to man directly by host 
range mutation, or as a result of recombination 
between human and nonhuman strains. There is 
considerable evidence to support the view that 
pandemic strains represent such hybrids. Hybrids 
can be produced by growing together in eggs, 
human and nonhuman strains. Recombinants 
can also be obtained from experimental animals 
exposed to mixed infection. The observation that 
some human and nonhuman strains share the 
same haemaggiutinin or neuraminidase antigens 
strengthens this hypothesis. 

Recent events have further confounded the 
already confused picture of the epidemiology of 
influenza. The reasons for the sudden reappear- 
ance of the HswlNl virus in 1976 and its rapid 
disappearance remain mysterious. Similarly, tt is 
not known how or why the H1N1 virus reap- 
peared in 1977 after an absence of two or three 
decades. It has been postulated that old strains 
that disappear from human communities may 
persist for prolonged periods in the natural deep 
freeze conditions existing in the Antarctic and 
South Pacific, probably in a biological cycle 
involving the zooplanktons so abundant there. 
The virus may possibly be deposited there by bird 
droppings. The recent isolation of ‘old’ influen- 
zavirus strains from whales in the South Pacific 
lends credence to this hypothesis. Another possi- 
bility is that 'old’ viruses may persist as a latent 
infection in man (or in human lung parasites) and 
re-emerge after several years, reminiscent of the 
swine fungworm-earthworm cycle postulated by 
Shope for swine influenza virus. 

A unique feature of 'influenza epidemiology 
was that once an antigenic variant emerged, it 
displaced completely the pre-existing strain. Thus 
when A1 (H1N1) strains arose in 1946-47, they 
became the only viruses causing human disease, 
and the previous AO (HON1) strains disap- 
peared completely. The A1 strains were dis- 
placed by Asian (H2N2) strains in 1957, and they, 
in turn, by the A2 Hong Kong (H3N2) strains in 
1968. But this rule has not been observed in 
recent years. Even after the abortive reappear- 
ance of HswlNl strains in 1976 and the 


re-emergence and wide spread of H INI strain in 
1977, the A2 Hong Kong H3N2, strains continue 
to be prevalent. The reason for this coexistence is 
not known. 

There is considerable evidence to suggest that 
there occurs an orderly recycling of the virus sub- 
types. Sero-epidemiological studies indicate that 
the pandemic of 18S9 was caused b> a virus 
resembling the A2 Asian (H2 N2) subtype and 
that the Hong Kong (H3N2) subtype was preva- 
lent after 1900. This was followed by the AO 
(HON1) subtype in the 1930‘s and the AI 
(H1N1) subtype in 1946-47. The cycle started 
again with the reappearance of the A2 Asian 
(H2N2) subtype in 1957. Table 55.5 lists the 
sequence of appearance of these various sub- 
types. 

Prophylaxis: Influenza vaccines have been in use 
for over three decades. The original vaccines con- 
sisted of the virus grown in the allantoic cavity of 
eggs, partially purified, and inactivated with for- 
malin. Due to the presence of egg protein in it, 
this vaccine may cause reactions in allergic indivi- 
duals. The whole virus vaccine induces fever and 
local pain. ‘Subunit' vaccines have been intro- 
duced to minimise toxic reactions. The purified 
virus is disrupted by treatment with ether or 
desoxycholate so that the vaccine contains the 
immunogenic haemaggiutinin and neuramini- 
dase subunits. 

The major difficulty in the immunoprophylaxis 
of influenza is (he frequent change in the 
antigenic make up of the virus. Vaccines cannot 
be made in bulk and stockpiled, as the appear- 
ance of a new variant will make the old vaccine 
obsolete. In the cold countries, where it is neces- 
sary to provide protection to old persons and 
other high risk individuals, the practice is to 
immunise them with a vaccine containing the 
latest strains of type A and B viruses 

The most important indication for immuno- 
prophylaxis is when a pandemic is threatened by 
a new virus. Here, the time taken for the manu- 
facture of the vaccine with the new variant is cru- 
cial, as the virus is likely to spread fast and infect 
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TABLE 55.5 

Genealogy of Influenzas-ims A subtypes. (Data before 1933 based on 
serological and epidemiological evidence) 


Antigenic Date of origin 

structure and duration Remarks 


H2N2 


H3N2 


18S9-1890 Pandemic believed to have been caused 
I by *A2-like’ virus. Origin unknown. 

•J' ProgressiveantigenicdriftofH2N2strains. 

1900 

ANTIGENIC SHIFT 


•Hong Kong-like’ vims believed to have 
4- appeared around 1900. Origin unknown. 
1918 • Progressive antigenic drift till 1918. 

ANTIGENIC SHIFT 


1918-1919 Severe pandemic caused by *Asw like’ 


lljwlNl 

j 


virus. Origin unknown. Antigenic drift of 
H, W 1N1 strains. 


1933 

Discovery of human influenza vims (WS 

HON1 

1946 

strain. HON1). Antigenic drift till 194647. 

mm 

194647 

1 

Emergence of A1 strains by mutation from 
HON1 Antigenic dnft till 1957. 

ANTIGENIC SHIFT 

H2N2 

19 

57 

Pandemic caused by *A2 (Asian)’ vims. 
Origin unknown, but possibility of spread 
from ‘animals’ considered. Antigenic 
dnft till 1968. 




ANTIGENIC SHIFT 

113N2 

1968 

1 

Emergence and spread of ‘A2 (Hong 

Kong)’ vims. Origin unknown, but 
probably by recombination, from animal or 


TO THE 

avian influenza virus. Antigenic drift 


PRESENT 

continuing. 


1976 Reappearance of’Asw-like’ virus in USA 
with limited local spread only. Origin 
Unknown. 


MINI 1977 ReappearanccoflHNl virus (resembling 

1950 strains), first in China and Russia, 

TO THE and spreading worldwide. Origin unknown. 

PRESENT 
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whole populations before the vaccine becomes 
available. Moreover, most fresh isolates do not 
grow' well in eggs till they are passaged serially. 

To overcome these hurdles, the recombinant vac- 
cine has been introduced. A recombinant is pro- 
duced which possesses the grow th characters of 
old established strains and carries the surface 
antigens of the new variant. The recombinant will 
grow well in eggs facilitating vaccine manufac- 
ture. 

While killed vaccines induce the formation of 
circulating antibodies, they do not lead to any 
local protection in the respiratory tract. The level 
of antibodies on the respiratory mucosa is only 
a fraction of the serum level. It is in order to 
afford specific local immunisation that five vac- 
cines have been employed. The earliest five vac- 
cine was the virus attenuated by repeated egg 
passage. It was administered by intranasal instil- 
lation. But it sometimes gave rise to clinical dis- 
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ease, especially in children. Another approach to 
five vaccine is the use of temperature sensitive 
mutants. Mutants can be readily isolated which 
are able to grow at the lower temperature of the 
nasopharyngeal mucosa (32°C-34°C), but not in 
the lungs at 37 °C. Such is mutants are avjrulent. 
Recombinant live vaccines may be obtained by 
hybridisation between is mutants of established 
strains and a new antigenic variant. 

Chemoprophylaxis has been reported to be 
successful with the antiviral drug amantadine 
hydrochloride, which inhibits adsorption of 
influenza type A virus to cells. 

Treatment: Amantadine hydrochloride has been 
found to be of some value in the treatment of 
influenza It reduces the average duration of the 
disease and causes symptomatic improvement, 
though virus shedding and antibody response arc 
not affected. 



Paramyxoviruses 


Paramyxoviruses resemble orthomyxoviruses in 
their morphology, but are larger and more 
pleomorphic. They range from 100-300 nm in 
size, with occasional filaments and giant forms 
upto 800 nm. The helical nucleocapsid has a 
diameter of 18 nm (much wider than in or- 
thomyxovirus) and contains a molecule of single 
stranded RNA (MW 7 million daltons), arranged 
as an unscgmented filament Ip. long. 

Paramyxoviruses possess haemagglutinins and 
neuraminidases as do orthomyxoviruses. In addi- 
tion, they also have haemolysins. They have the 
ability to cause cell fusion leading to the forma- 
tion of giant cells and syncytia. They are antigeni- 
catly stable. Though there is no common group 
specific antigen, the different paramyxoviruses 
exhibit serological cross reactions. 

The family paramyxoviridae consists of three 
genera. The genus Paramyxovirus includes the 
‘authentic’ paramyxoviruses — Newcastle dis- 
ease, mumps and parainfluenza viruses. Measles 
virus and the related virus of canine distemper 
and bovine rinderpest belong to the genus Morbil- 
hvirus They possess haemagglutinins but no 
neuraminidase. The respiratory syncytial virus 
and some related viruses of animals have been 
placed in the genus Pneumovirus These possess 
neither haemagglutinins nor neuraminidase. 

Mumps 

Hippocrates in the fifth century BC described the 
condition first. The word 'mumps' is probably de- 
rived from the British verb ‘to mump’ which 
means *to grimace or grin’. U was known as 


epidemic parotitis till it was shown that other vir- 
uses such as the coxsackie, parainfluenza, lym- 
phocytic choriomeningitis, influenza A, echo and 
possibly herpes simplex and varicella-zoster vir- 
uses, also cause parotid swelling. Hamilton in 
late 18th century associated CNS involvement 
with the disease. Johnson and Goodpasture 
(1934) first convincingly proved its association 
with a virus. Habcl in 1945 cultivated the causa- 
tive virus in embryonated eggs. In 1955, Henle 
and Deinhardt grew it in tissue culture. 

Properties of the virus : The virus varies in size 
from 100 to 600 nm and is markedly pleomorphic. 
The virions are roughly spherical composed of an 
outer membrane enclosing an inner helical struc- 
ture. The outer membrane is covered by projec- 
tions extending 12-15 nm from the virion surface.. 
The coiled inner structure is the nucleocapsid and 
is an RNA complex. Filamentous and bizarre 
formsofthe virus are frequently found. '• ' 

The virus contains five major structural pro- 
teins: The prominent nucleocapsid associated 
protein (NP), a polymerase protein (P), a mem- 
brane or matrix protein (M) and two glycopro- 
teins — a haemagglutinin-neuraminidase (HN) 
and, a fusion protein (P) , which is also a haemoly- 
sin. The virion also probably contains a high 
MW, L, protein. 

The virus aggluti nates the erythrocytes of fowl, 
human and other species. Haemagglutination is 
followed by haemolysis and elution at37°C. 

The virus can be grown, on primary isolation, 
in the yolk sac or amniotic cavity of chick em- 
bryos. As growth is slow, 6-8 day old embryos are 
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inoculated and incubated for five days at 35°C. 
After adaptation to eggs, most strains grow well 
in the allantoic cavity. 

The primary isolation of the virus can also be 
obtained in human or monkey kidney cell cul- 
tures. The cytopathic effect is weak and consists 
of syncytium formation and the presence of 
acidophilic cytoplasmic inclusions. Growth is 
best identified by.haemadsorption. 

The virus is easily inacti vated at room tempem- 
turc or by exposure to formaldehyde, ether or ul- 
traviolet light. It can be preserved at -70°C or by 
lyophilisation. 

The virus is antigcnically stable. Two comple- 
ment fixing antigens can be recognised, as in the 
influenza viruses, the 'soluble' (S) antigen and 
the ‘viral* (V) antigen. 

Clinical features: Infection is acquired by inhala- 
tion and probably also through the conjunctiva. 
Mumps virus may also be transmitted by fomites. 
The incubation period is long, about 10-21 days. 
The virus is present in the saliva of infected indi- 
viduals for several days before the onset of clini- 
cal disease and shed for nine days into the course 
of symptoms. A prodromal period of malaise pre- 
cedes the swelling of one or both the parotid 
glands and of other salivary glands. Virus is ac- 
tively shed in the saliva for as long as seven days 
before the onset of clinical disease. The presence 
of virus in saliva is not dependent on the develop- 
ment of clinical parotitis. Mumps patients are 
capable of spreading the virus by the respiratory 
route for 7-10 days. The virus may reach the 
parotid gland either directly from the mouth by 
way of the Stenson’s duct or by haematogenous 
spread after initial multiplication in the respira- 
tory tract. A cell associated viracmia may be 
another important mode of virus transmission. 
Viraemia is responsible for the involvement of 
other organs. It has been shown that mumps virus 
can infect T cells in vitro. 

Virus invasion of the CNS presumably occurs 
across the choroid plexus. It may also occur di- 
rectly during the phase of haematogenous vir- 
aemia. The virus infects the choroidal epithelium 


as well and multiplies in it. Thus the virus is read- 
ily recovered from the CSF during the early phase 
of meningoencephalitis. The virus may penetrate 
the brain parenchyma. Once in the neurons, they 
may spread along the neuronal pathways. Most 
cases of mumps encephalitis resolve without 
sequelae. However, rare cases of deafness, 
obstructive hydrocephalus, and a variety of less 
common neurological syndromes occur. Mumps 
meningoencephalitis is an important complica- 
tion of mumps. At times, it may be the only man- 
ifestation of the disease, even in the absence of 
parotitis. Mumps virus is one of the most com- 
mon causes of aseptic -meningitis. It is benign, 
and most cases recover without any sequelae. 

Mumps virus may persist in the CNS of hu- 
mans. Mumps virus has been implicated as a 
causative agent in multiple sclerosis. 

Mumps virus causes multi-organ involvement 
such as orchitis, pancreatitis, oophoritis, mas- 
toiditis, thyroiditis, myocarditis, nephritis and ar- 
thritis particularly in post-pubescent children and 
adutts. At least a quarter of all males develop or- 
chitis, unilateral or bilateral, often leading to tes- 
ticular atrophy and rarely to sterility. From 
biopsy of the affected testes within the first four 
days of symptoms, the virus has been isolated. 
The virus is present in the urine upto two weeks 
after the onset of the illness. The virus is also ex- 
creted in the breast milk. 

Though the virus has great potentialities to 
cause serious manifestations, during childhood 
mumps is generally a self-limiting disease. The in- 
cidence of residua is quite low. Approximately 30 
per cent of all mumps infections are subcljnical. 
Mumps virus infection is rare in children under 
the age of nine months. 

Mumps in the first trimester of pregnancy may 
cause abortion. Transplacental infection has 
been demonstrated, but teratogenicity has not 
been observed. 

Laboratory diagnosis: The typical case of mumps 
needs no laboratory confirmation, but it maybe 
essential in atypical infections and where menin- 
gitis or orchitis is the sole manifestation. Diag- 
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nosis may be established hy the isolation of the 
virus and by serological tests. The virus may be 
isolated from saliva, urine or CSF:f rom the saliva 
within 4-5 days, urine upto two weeks and CSF 
8-9 days, after the onset of the illness. The urine 
has to be cleared of debris and then ultracen- 
trifuged. The prepared specimen is inoculated 
into the amniotic cavity of 6-8 day old chick em- 
bryos or primary human or monkey kidney cell 
cultures. After incubation for 3-5 days, the 
growth of the virus can be demonstrated in the 
amniotic fluid by haemagglutination and in tissue 
cultures by haemadsorption. Immunofluore- 
scence techniques provide direct confirmation of 
the presence of an isolate in the culture and, if ap- 
propriate reagents arc used, specify the isolate as 
mumps., 

Serological diagnosis consists of the examina- 
tion of paired serum samples by complement fi- 
xation, haemagglutination inhibition and neut- 
ralisation tests, ELISA, RIA and Radial 
haemolysis test and demonstration of a nse in 
litre of antibodies to the virus. Complement fix- 
ing antibodies to the S antigen appear within 2-3 
days, reach a peak in ten days and disappear in 
8-9 months. Antibodies to V antigens appear 
only about the tenth day and they persist for 
years. Therefore, the former help in detecting re- 
cent infection. Haemolysis in-gel assays, and, de- 
monstration of virus specific IgM and IgG levels 
on a single phase acute serum, when paired sera 
are unavailable, as a reasonably sensitive alterna- 
tive can also be done. Delayed hypersensitivity to 
the virus can be shown by a skin test, but as it be- 
comes positive only sometime after the acute 
stage of the disease and as hypersensitivity per- 
sists for several years, it is of no use as a diagnos- 
tic test. Skin testing, however, can be used to de- 
tect susceptible persons. 

Epidemiology: Man is the only natural host for 
mumps virus, though experimental disease can 
he induced in monkeys. The disease is endemic 
throughout the world and has the highest inci- 
dence in children 5-15 yeais old. Outbreaks may 
occur in school and army camps. 


The virus is shed in the saliva and urine, though 
the epidemiological significance of the latter is 
not clear. A patient is infectious from about 
seven days before till about nine days after the 
onset of symptoms. Close contact appears to be 
necessary for the transmission of infection. Inap- 
parent infections are frequent. One infection 
confers solid immunity as only one antigenic type 
of the virus exists. 

Prophylaxis : As mumps isa mild, self-limited dis- 
ease, routine prophylaxis may not be very impor- 
tant. For passive prophylaxis in contacts, normal 
human gamma globulin is not useful, but gamma 
globulin prepared from the mumps convalescent 
serum may be effective. 

For active immunisation, a killed vaccine pre- 
pared from the virus grown in the allantoic cavity 
of chick embryos was used formerly. This has 
been replaced by the more effective live at- 
tenuated (Jeryl-Lynn strain) vaccine grown in 
chick fibroblast culture. This is administered 
either alone, or in combination with live measles 
and rubella vaccines. A live vaccine has been de- 
veloped which can be sprayed into the mouth, in- 
ducing substantial protection, without any side 
effects. Live vaccine, should not be given to pre- 
gnant women, though there is no evidence that 
mumps virus can damage the fetus. 

Newcastle disease virus 

This is a natural pathogen of poultry in which it 
causes explosive outbreaks with high mortality, 
in India, it is known as the Ranikhet disease 
virus. Control measures consist of vaccination 
and slaughter of infected birds. The virus can 
cause a mild, self-limited conjunctivitis in poultry 
workers and other persons in contact with the in- 
fected birds. 

Parainfluenza viruses 

The parainfluenza viruses are a group of anligeni- 
cally related paramyxoviruses which cause re- 
spiratory infections in children, and less often in 
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adults. They also cause natural infection in sev- 
eral species of animals. The parainfluenza viruses 
are spherical, 125-250 nm diameter, enveloped 
RNA viruses. The outer envelope is composed of 
proteins and lipids, Two glycoproteins protrude 
from the envelope as 10 nm spikes. One of these 
spikes has haemagglutinin and neuraminidase ac- 
tivities ,i the HN protein, the other protein 
mediates fusion and haemolytic properties of the 
virus and is known as F. protein. The RNA is 
single stranded. Growth in eggs is pooror absent, 
except in the case of the Sendai virus. They grow 
well in primary human or monkey kidney cell cul- 
tures. Cytopathic effects are not prominent and 
their growth in cell cultures is recognised by 
haemadsorption. The virus is tsolatable from 
nasal washings. They are labile viruses, easily in- 
activated by heat and by ether. They are antigeni- 
cally stable. Serological crossreactions exist bet- 
ween the different parainfluenza viruses and with 
mumps virus. They have been classified into four 
serotypes (Tabic 56.1). 

The first parainfluenza virus to be identified 
was the ‘Sendai virus’ formerly also called the 
‘haemagglutinating virus of Japan’. It was iso- 
lated in 1952 by intranasal inoculation in mice of 
the lung tissues of children dying of pneumonia in 
Sendai, Japan. It grows well in the allantoic cav- 
ity of eggs and was for a time thought to represent 
a new type of influenza virus (influenza virus type 
D). The Sendai virus was subsequently shown to 
be a widespread natural parasite of mice. Isola- 
tion from human cases by mouse inoculation 
may, therefore, have been only an accidental 
‘pick up' of the murine virus. Antibodies to the 
Sendai virus were found prevalent in human sera 


throughout the world. This observation was 
explained when an antigenically identical virds 
was isolated, in 1958, from children with respira- 
tory infection, by the technique of haemadsorP' 
tion in tissue culture. This virus was called the 
‘haemadsorption virus type 2 ' (HA-2). Both 
these viruses are now classified as the 
parainfluenza virus type 1, the Sendai virus rep- 
resenting the murine and HA-2 the human var- 
ieties. Unlike the Sendai virus, HA-2 does not 
grow in eggs and has to be isolated in cell cul- 
tures. 

Parainfluenza virus type 2 was originally iso- 
lated in 1955 from children with acute laryngO- 
tracheobronchitis or ‘croup’. It grows in monkey 
kidney cell cultures, producing a syncytial 
cytopathic effect. It was originally termed the 
‘croup associated’ (CA) virus, antigenically simi- 
lar viruses (simian viruses 5 and 41) cause natural 
infection in monkeys. 

Parainfluenza virus type 3 was originally iso- 
lated in 1958 in tissue culture from children with 
respiratory disease and was called the ‘haemad- 
sorption virus type 1’ (HA-I). An antigenically 
identical virus (SF-4) causes a respiratory infec- 
tion in cattle known as ‘shipping fever’. 

Parainfluenza virus type 4 was isolated in I960 
from cases of mild respiratory infection. Two an- 
tigenic subtypes — A and B — of this virus have 
been recognised. 

Parainfluenza viruses are probably responsible 
for about 10 per cent of respiratory infections fit 
children who need hospitalisation. The most seri- 
ous clinical disease is croup which is caused most 
frequently by types 1 and 2. Type 3 causes lower 
respiratory disease, including bronchitis, bron- 


TABLE 56.1 

Serotypes of parainfluenza viruses 


Parainfluenza virus type'l 

a. Murine 

b. Human 
Parainfluenza virus type 2 
Parainfluenza virus type 3 
Parainfluenza virus type 4 


(Sendai vims) 

(Haemadsorption vims type 2) 
(Croup-associated vims) 
(Haemadsorption vims type I) 
(Subtypes A and B) 
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chiolitis and pneumonia. Type 4 causes minor re- 
spiratory illness. In adults, parainfluenza viruses 
cause milder respiratory infections in which sore 
throat and hoarseness of voice are common. 
Rarely, they cause parotitis. 

Epidemiology: These are ubiquitous viruses. 
Parainfluenza type 3 infection is often experi- 
enced in the first year of life with 50 per cent of 
the children being seropositive by 12 months of 
age while parainfluenza virus type 1 and 2 cause 
disease in the pre-school child. Type 3 is more en- 
demic in the community, than types 1 and 2 which 
occur as epidemics. Reinfection occurs not in- 
frequently with all parainfluenza viruses, al- 
though the infection is less severe. There is a 
great tendency for nosocomial spread in paediat- 
ric patients. There is little evidence of viraemia or 
spread by extra-respiratory routes. Virus shed- 
ding by patients occurs (ot 8-1 1 days. 

Respiratory syncytial virus . ^ 

The first Strain of this virus was isolated in 1956 
from chimpanzees with coryza and was called ‘the 
chimpanzee coryza agent 1 (CCA). A year later, 
the virus was isolated from children with lower 
respiratory tract infection. Because it caused cell 
fusion and the formation of multinucleated syn- 
cytia in cell cultures, it was termed the ‘respira- 
tory syncytial virus’ (RSV). It is now recognised 
to be the most important cause of lower respira- 
tory tTact infection in infants particularly in the 
first few months of life. 

RSV is pleomorphic and ranges in size from 
150-300 nm in diameter. Virions appear as mem- 
brane-bounded particles with short, closely 
spread projections. The bilayer membrane en- 
closes an unsegmented RNA. The envelope of RS 
virus contains two surface glycoproteins. Glyco- 
protein G mediates attachment to target cells and 
glycoprotein F is the viral fusion glycoprotein. 
The F protein directs fusion of viral and cellular 
membranes, resulting in viral penetration. It can 
direct fusion of infected cells with adjoining cells 
resulting in the formation of syncytia. Syncytia 


formation in addition to being a prominent 
cytopathic effect, is an additional mechanism of 
viral spread. The virus possesses neither a 
haemaggiutinin nor a neuraminidase. It is a 
highly labile virus but can be stabilised by 
MgSOj. It does not grow in eggs or in laboratory 
animals . It grows in most types of cultured human 
cells (including HeLa, HEp-2) and in monkey 
kidney cells. It is antigenically stable, but minor 
antigenic variants occur, and at least four ‘sub- 
types’ have been identified. 

RSV is responsible for nearly half the cases of 
bronchiolitis and a quarter of all pneumonia oc- 
curring during the first few months of life. Occa- 
sionally, the virus infection may cause sudden 
death in infants. Children with a background of 
allergy are prone to serious disease. The mater- 
nal antibodies to the virus are believed to be re- 
sponsible for inducing an Arthus type of response 
in infected infants. In adults, infection may be 
asymptomatic or result in afebrile rhinitis or 
‘common cold’. In the aged, infection may cause 
exacerbation of bronchitis. 

The incubation period is 4-5 days. At the be- 
ginning of the illness the virus multiplies in the 
nasopharynx. The spread of the virus from the 
upper to the lower respiratory tract is believed to 
be via the respiratory epithelium or through aspi- 
rated secretions. The virus is capable of cell to 
cell spread without emergence into extracellular 
fluid. Viraemia has not been detected. Lack of 
CM I leads to persistent infection. 

Nosocomial infections occur in nurseries and 
paediatric hospital wards. Transmission occurs 
primarily via the hands of staff members. Wash- 
ing of hands after every patient contact, wearing 
gowns and gloves, and isolation of infected pa- 
tients reduce nosocomial spread. 

Laboratory diagnosis may be made by isolation 
of the virus, demonstration of the viral antigen or 
by serology. Virus shedding from the respiratory 
tract occurs for 1-3 days before the onset of illness 
and continues for 4-7 days after. Isolation is dif- 
ficult as the virus is extremely labile and so speci- 
mens have to be inoculated directly into tissue cul- 
tures without preliminary freezing and thawing. 


) 
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He La, HEp-2 and KB cells arc usually 
employed. Growth is slow and it may take upto 
tv. o weeks for the typhical cytopathic effects to be 
evident. 

A rapid diagnosis can he made by demonstrat- 
ing the virus antigen by immunofluorescence in 
the exfoliated cells from the nasopharynx and m 
cell cultures inoculated with infected secretions. 
ELISA has proved very reliable and useful in de- 
leting the virus. Other techniques such as elec- 
tron microscopy to detect viral particles, RIA to 
detect viral antigen have been developed. RPH 
has proved the most sensitive compared to IFand 
virus isolation. Rise in litre of antibody may be 
demonstrated by complement Fixation, neutrali- 
sation and ELISA tests, and have proved useful 
in the retrospective diagnosis o/RSV infections, 

A formolised vaccine was tried, but vaccinated 
infants developed a more serious infection than 
the unvaccinated, when exposed to infection sub- 
sequently. This paradoxical response is probably 
due to the Arthus type reaction induced by the 
circulating antibodies. No vaccine is available at 
present. 

Rtbavarin administered as a continuous 
aerosal for 3-6 days was clinically beneficial to 
hospitalised infants. Viral shedding was also de- 
creased. 

Measles ( Rubeola ) 

Measles probably appeared first after 2500 BC in 
the Middle Eastern river valley civilisations. The 
first written account of the disease is attributed to 
Rhazes, 10th century AD, though he quoted out- 
breaks of the 7th century AD. Throughout the 
Middle Ages, measles and smallpox were con- 
fused as a single disease. It was only in 1629 that 
measles was considered as a separate entity. 
Thomas Sydenham in 1690 gasc the first dear 
and accurate description of measles in the En- 
glish language. In 1846, an epidemic appeared in 
Faroe Islands and it was studied in detail and well 
described by a Danish medical student Peter 
Panuni. 

Measles is the commonest and the most infecti- 


ous of childhood exanthemata . The \iral etiology 
of measles was established in 1911 by transmit- 
ting the disease to monkeys by inoculation of fil- 
trates of blood and nasopharyngeal secretions 
from patients. The virus was isolated in monkey 
and human kidney cell cultures by Endcrs and 
Peebles in 1954. 

Properties of the virus: The virus resembles 
paramyxovi ruses morphologically. The vir us 
cons ists of pleomorphic panicles 120-250 nm~ih 
diameter. The envelope is covered with projcct- 
irn Tpeplomc r s of haemaggTuTm in. 1 tie viral en - 
velope is aTipoprotcin membrane 10-20 nm in 
th ickness that contains proteins associated wjT h 
haemagglutinating . h aemolytic, and membran e 
f usion properties of measles viruses . A lightl y 
coiled hel ical nucleocapsid composed of prote in 
and the single stranded RNA genome arc e n- 
closed within the envelope ( Fig. 56.1 ). It poxsc s- 
s es a h a emag glu linim ciiyc against monkey ery - 
throcyte s. The virus does not elute from the cell s 
as it is devoid Of n euraminidase. It is haemolytic. 
The vi ru s does not ~grow r Itnicgs. but it can b e 
gr own in human embryonic kid ney or amnion celf‘ 
cultures. C vmpathiccffc ct consists ol mulimuc- 
leatc s ynevtiu m — formation, with numerous 
a cidophilic nuclear and cytoplasmic inclusio ns. 
M ultmucleate gia nt cel ls (Warthin-Fmkcld v 
cells) are also found in ly mphoid ti ssues of pa- 
tients. ~~ 

The urns is readily inactivated by heat, ul- 
tras iolct light, ether and formaldehyde. It can be 
stabilised by molar MgSQ 4 so that it resists heat- 
ing at 5fPC for one hour. 

The measles Virus is antigen ically uniform. It 
shares antigens with the \iruscs of canine dis- 
temper and bovine rinderpest. 
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Fig 56 1 Measles Virus 1. Membrane (M) protein 2 Nucleo- 
capsid 3. Lipoprotein membrane 4. Spikes-Haemaggluif- 
Rtn, 


that the virus crosses the place nta and infects the 
foetus during maternal measles. 

Atypical measles : The introduction of killed 
measles vaccine in 1965 gave rise to a new clinica l 
s yndrome in childre n who had a history of recej v- 
ing t he vaccin e. 1 he syndrome called atypical 
measles was assoc iated with measles virus Infec- 
tio n and was cha racteris ed by high feve r. 
p neumoni a a nd an unusii'aFrash (r aised pap ules, 
whe als an d tiny hae morrhag es in (hejkjn) wit'H’- 
out KopliTs spots. Since the stoppage of theuse' 
of the j tilled vaccines^ t his" syndrome has disap-~ 
pea red , exce pt in those who had rec ei ved k illed 
vacc ine as chil dren . 


tients recover uneventfully, but some develop 
complications which may be due to thej_virus 
( croup or bronch itis) or ft &econdarv bacterial in - 
fection (otitis media or pneumonia ). Rarely, a 
3 fatal g ianTcell pneumonia may develop, particu- 
larly" in children with immunodeficiencies. The 
most serious complication is4 meningoence- 
phalitis, which has an incidence of about 15 per 
cent. Many survivors havg neurological seq uejae. 


C Protracted diarrho ea is often seen as a complica- £ munofluorescence. 


Laboratory diagnosis: In a typical case of 
m easles, the diagnosis is setTevident. But in atyp - 
ical cases 7 and for differentiation from rubell a, 
labor atory tests are useful - 
A simp le diagnostic test, w hich can be used 
even befo r ejhe. r ash appears , i s the demonstra- 
tion of Imultinucleated giant cells" in Giemsa 
stai ned smears of nasal secretions, Measl es viruj 
antigen cu n be d et ected inlhesc cells by im - 


tion of measles in children in the poor nations. 
The virus may be recovered from the stools of pa- 
tients with measles enteritis. A rare late compli- 
cation is^s ubacute sclerosing panencephalitis’ 
(SSPE) A particularly severe formotm easl es is 
seen in Africa and some other tropical areas. This 
may be related to the malnutrition so common in 
children in these areas. There occurs a su ppres- 
sion of dela yed h ypersensitiv ity after measlesjn- 
fectlom which may last for seve ral weeks to a few 
months. Ma ntoux and otHeTallergic skin test s 
may be nega tive d uring this period. Underlying 
tuberculosis may become wo rs e foll owing an at- 
tack of measles. Rec overy f rom measles may also 
be associated witlTah im provement of a llergic 
ecze ma or asthma an d iri duction of remission-in 
l eukaemia , H odgkin’s disease or lipoid nep h- 
rosis , Measles indu ces labour i n 22-37 per cent of 
pregnant women, resulting in s pontan eous abor- 
x rion or Premature delivery. There is evidence 


The virus ca n befisolate d, with some difficulty , 
f rom the nos e, t hroat , conjunctiva a nd bjooddur- 
mg the prodromal phase a nd upto about twoday s 
a fter appearance of the rash Virus may be obr 
tamed from the urine fo r a few more days. Prim-, 
ary hum an embryonic kidney and amnion ce lls 
a re most usefu l. Cytopathic changes may t ake 
u pto a week to develop , but earlier dia gnosis of 
vir us growth is p ossi Siebv immunofluores cence. 
/VSe rological diagnosis : Specific neutralisation, 
haemagglutiniation inh ibitio n and complement 
fixmganfibbdiesTievelop early, w?fii~maxlj TniJ 
tit res about the time nf-onset of rash. A fourfol d. 
rise m tttre is looked for. Demon s! ratuan-oi 
mea sles" specific IgM in a si ngle sp ecunen-of 
seru m draw n beet weeti one and two weeks after 
the_ons_e t of the rash is confirmator y . False ne ga- 
t ives may occur if the se rum is taken earlier tha n 
one week or later thaniwo w eeks of the on set of 
the rash. 
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Epidemiology: Measles is endemic throughout 
the world and produces epidemics every 2-3 
years. Epidemics are usually seen in late winter 
and early spring, with a peak in April. The dis- 
ease has maximum incidence in children 1-5 
years of age. It is uncommon in the first six 
months of life due to the presence of maternal an- 
tibody. One attack confers solid immunity. 

Man is the only natural host for measles. Mon- 
keys are often found infected but they seem to 
acquire the infection from man. Patients are 
infectious from three days prior to the onset of 
symptoms until the rash desquamates. Infectiv- 
ity is maximum at the prodrome and diminishes 
rapidly with the onset of rash. Spread is by 
direct contact with respiratory secretions and 
aerosols created by coughing and sneezing. The 
virus enters the body through the respiratory 
tract and conjunctiva. In the nonimmune, infec- 
tion almost always results in clinical disease. 

In remote islands, the population may be 
highly susceptible to measles. When the virus is 
introduced into such communities, it may induce 
epidemics with high mortality. A. classical exam- 
ple was observed in the Faroe Islands where 
measles appeared in 1846 after an absence of 
some 60 years. The epidemic spared only the very 
old persons who had been alive during the previ- 
ous epidemic. When Greenland had its first expo- 
sure to measles virus in 1951, the epidemic af- 
fected 99.9 per cent of the indigenous population . 

Prop hy (axis'. Normal human gamma gfobufin 
given within six days of exposure can prevent or 
modify the disease, depending on the dose. This 
is valuable in children with i mmunodefici ency. 
pregnanLwomen and others at special risk . 

A live attenuated vaccine was developed by 
passaging the ' EdmonstorT strain of measles vir us 
successively through hu man kidn ey an d amnio n 
cell cultures, chick embryo amnion and, finally, 
chi ck embrvo tissue cultu re. This attenuation was 
insufficient and the ‘Edmonston’ vaccine gave 
rise to a mild attack of measles in children. This 
‘vacci nation measles’ could be prevented by the 
simultaneous administration of a small dose of 


gamma globulin a t ji differenLsite. Further at- 
tenuation of the 'Edmonston' strain by Schwartz 
yielded a more innocuous vaccine which pro- 
duced mild reactions in a minority of recipients 
only. The furth gr attenuated vac cine, now being 
used, is virtually free from side effects. 

A disadvantage of this vaccine is that it does 
not induce adeq uate antibody response in vo ung 
babies who possess maternal antibodies to 
measles. Therefore, in advanced countries, the 
vaccine is administered only atorafter 15 mon ths* 
of age. But in India and other developing coun- 
tries, measles constitutes a major problem ev e n 
during the first year of life. Therefore, here the 
vaccine is recommended as early as at nine 
m onth s ,of age. fW <iihf»tanpma injection is 
adequate and no booster is needed. Jl may be 
given sim ultaneously with live polio vaccin e or 
ot her vaccin es, if desired, without impairing anti- 
body response to any of them. But if gi ven sepa- 
rately , there should be an mterva l-QLatieasLflne 

vaccine a nd any other live virus vaccine. A com- 
bi ncdTneaslesjnumpsm vac- 

cine is now in wide use A dverse reactio ns in- 
clude m ild fev er and mjnimal ras h. Though a few 
cases of SSPE have occurred in children who had 
received measles vaccine, it has been stated that the 
association of SSPE with the vaccine {about one case 
per million doses) is far less than the association with 
natural measles (5-10 cases per million patients). 
Cont raindication s include any f ebrile illnes s, 
untreated active tuberculosis, sy stemic malignanc ies, 
immunodeficiencies and im munosuppres sion. It is 
not recommended during pregnancy . Th e incuba - 
t ion pe riod for the vaccine virus is about 3^5 day s, 
much less than the incubation period of natural 
measles. Therefore the vaccination of children 
exposed to infection within upto five days previ- 
ously can protect them from developing the disease. 

The measles vaccine has been cxtenshely used 
in the USA where it has led to a virtual eradica- 
tion of indigenous measles. 

Sabin and his colleagues have developed 
another live attenuated vaccine which can be 
given by i ntnwasal aerosol in young babies and 
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induces go od antibody response, irrespective of perhaps be the answer for prophylaxis of measles 
the presence of materna] antibodies. This may in very young infants. I 
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Arboviruses 


Arboviruses (Arthropod-borne viruses) .arc_vir- 
us cs of vertebrates biologi cally_U?osmittetLbv 
haern gtophafious insect vectors . They multiply in 
blood sucking insects and are transmitted by bite 
to vertebrate hosts. Insect viruses, and viruses of 
vertebrates that arc sometimes mechanically 
transmitted by insects do not come into this 
category. Inclusion in this group is based on 
ecological and epidemiological considerations 
and hence it contains members that are in some 
cases dissimilar in other properties. With better 
understanding of the physical and chemical prop- 
erties of individual viruses, it has been suggested 
that they be reassigned to better defined 
taxonomic groups. Though taxonomically unac- 
ceptable, the name ‘arbovirus’ is a useful biologi- 
cal concept 

TaxonomhJallyj Arboviruses belong to families 
as diverse as Togaviridae, Bunyaviridac, Rcoviridae 
Arenaviridae and Rhabdoviridae. Most arbo- 
virscs of medical importance are togaviruses; 
some are bunyaviruses and a fe w are orhiviruse s 
or rhabdovi ruses ( Table 51. -i 

Togaviruses (from toga, meaning mantle) are 
spherical viruses, 40 J0 nm.in d ia mete r, with 
lipoprotein envelope and single stranded RNA 
genome. The togavirus family contains the fol - 
lowing genera of medically i mportant viruses: 

Alphavinis: (A rbovirus G roup A» he name Alpha- 
virus being derived from ‘alpha’ for the letter A). 

Flavivirus: (Arbovirus Group B; the name being 
derived from flavi, meaning yellow, to refer to 
yellow fever, the most important virus in this 
group). 


Rubivirus (Rubella virus): While the rubella 
virus possesses morphological and physico- 
chemical features typical of togaviruses, it is anti- 
genically and epidemiologically unrelated to ar- 
boviruses. Hence it is not considered in this chap- 
ter. 

The next important group of arboviruses 
belong to the family Bunyaviridae. 

Bu nyaviruses are larger (9CMOO nm), fragile, 
enveloped, sphericar viruses, resembling ortho- 
myxovirus in structure. The name is derived from 
Bunyamwera, a place in Uganda from where the 
type species, the Bunyamwera virus, was iso- 
lated. 

They are very labile, being readily inactivated 
at room temperature. Infectivity may be retained 
by storage at -70°C or by lyophilisation . They are 
susceptible to bile salts, ether and other lipid sol- 
vents. 

Arboviruses have a very wide host range in- 
cluding many species of animals and birds. The 
ability to multiply in arthropods is their special 
characteristic. In the laboratory, mice are com- 
monly employed for growing arboviruses, in- 
tracerebral inoculation in suckling mice being the 
most sensitive method for their isolation. They 
can be grown in yolk sac or on the chorioallantoic 
membrane of chick embryos, in tissue cultures of 
primary cells like chick embryo fibroblasts or 
continuous cell lines like vero or HeLa, and in 
cultures of appropriate insect tissues. 

Most arboviruses agglutinate red cells of goose 
or ‘day old chicks. Haemagglutination is influ- 
enced by pH and temperature, the optimal re- 
quirements varying with different viruses. Spon* 



506 


TEXTBOOK OF MICROBIOLOGY 


TABLE 57.1 

A list of Important Arboviruses ' 


l. GROUP A lAtohavtcus l 
(All Mosquito borne) 

1. Encephalitis viruses 
Eastern Equine Encephalitis 

Western Equine Encephalitis ’ 1 . 

Venezuelan’ Efluio e_Encepha|i tis 

2. Causing fever 
Chikungunya 
O' nyong^nyong 
Mayaro 

Semliki Forest •' 

Sindbis « 

Ross River 


II. GROUP B (Flavlvirus ) 

A. Mosquito bomer 

1. Encephalitis viruses • 

St Louis Encephalitis P 
Uheus ’ 

West Nile, 

Murray Valley Encephalitis > 

Japanese Encephaliti* 

2. \t Stow Fever 

3. Dengue, types 1 ,2,3,4 > 

B Tick borne: r 

1. Encephalitis viruses 9 

Russian Spring Summer Encephalitis complex \S 
Louping III ' 

Powassan v 

2. Haemorrhagic Fevers 
Kyasanur Forest Disease ^ 

Omsk Haemorrhagic Fever,/ 


III. BUNYA VIRIPAE V 

1 Bunyamwera group u 

Bunyamwera V 
Batai 
Hesha 
Germiston 

2. Bnamba Group 

Bwamba 

Pongola 

3. C Group (Formerly Arbovirus Group C) 

Apeu 

Caraparu 

4. California group 
California encephalitis 
LaCrosse 

Tahyna 
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5. Simbu Group 
Sathuperi 
Kaikalur 
Oropoucfie 
Ingwavuma 

6 Turlock Group • 

Turlock 

Umbre 

7 Crtmean-Congo Haemorrhagic Fever Group 

Crimean-Congo Haemorrhagic Fever 
Hazara 

8. Phlebotomus Fe\er Group 

Sandfly Fever 
Kanmabad 

9. Nairobi Sheep Disease Group 

Nairobi Sheep Disease 
Ganjam 

20 Ungrouped viruses 
Rift Valley Fever 

(Many more groups have been described) 
IV. ORBIV1RUS (REOVIRIDAE) 


Colorado Tick Fever 

Palyam 

Kasba 

Vellore 

V. VESICULOVIRUS (RHABDOV1RJDAE) 
Chandipura 


taneous elution does not occur. Haemag- 
glutination is inhibited specifically by antibody 
and nonspecifically by lipoprotein inhibitors in 
serum, brain and other tissues. 

Antigenic structure and classification: Three anti- 
gens can be identified — haemagglutinins, com- 
plement fixing and neutralising antigens, all in- 
tegral parts of the virus particle. Considerable an- 
tigenic cross reactions occur among arboviruses. 
Based on antigenic relationships in hae- 
magglutination inhibition and complement fixa- 
tion tests, the 474 odd arboviruses identified so 
far have been classified into some 54 antigenic 
groups and 90 odd ungToupcd viruses. About 90 
arboviruses are associated with disease in roan. In 
India, 41 arboviruses have been detected of 
^hich some ten are known to cause human dis- 
ease. 


Pathogenesis : The virus enters the body through 
the bite of the insect vector. After multiplication 
in the reticuloendothelial system, viraemia of 
varying duration ensues and in some cases, the 
virus is transported to the target organs, such as 
the central nervous system in enccphalitidcs, 
liver in yellow fever and capillary endolhelium in 
haemorrhagic fevers. 

Arboviruses cause the following clinical syn- 
dromes; fever with or without rash and arthral- 
gia; encephalitis; haemorrhagic fever; and the 
characteristic systemic disease, yellow fever 
(Table 57.2). All infections occur in varying de- 
grees of severity, subclinical infections being scry 
common. 

Arboviruses also cause a number of veterinary 
diseases such as Eastern, Western and Ven- 
ezuelan equine encephalitis in horses in America. 
Rift Valley fever in sheep and rattle in Africa. 
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TABLE 572 

Arboviruses associated with difTerent clinical syndromes 


Virus Genus Distribution 1 Vector Reservoir 


FEVER, WITH OR WITHOUT RASH AND ARTHRALGIA 


Chikungunya 

Alphavirus 

Africa, Asia 

Mosquito 

Not known; 

? Monkeys. 

O'nyong-nyong 

Alphavirus 

Africa 

Mosquito 

Not known 

Ross River 

Alphavirus 

Australia 

Mosquito 

Small mammal. 

Smdbis 

Alphavirus 

Africa, Asia, 
Australia 

Mosquito 

Birds, 

Mammals. 

Mayaro 

Alphavirus 

South America 

Mosquito 

Monkeys, 

Marsupials. 

Dengue, types 1-4 

Flavivirus 

Widespread, espe- 
cially Asi3, Pacific, 
Caribbean 

Mosquito 

Not known, 

? Monkeys 

West Nile 

Flavi virus 

Africa, Asia 

Mosquito 

Birds 

Sandfly fever 

Bunya virus 

Mediterranean, 
Asia, Tropical 
America 

Sandfly 

Not known, 

? Small mammals 

Rift-Valley Fever 

Bunyavirus 

Africa 

Mosquito 

Sheep, Cattle. 

Oropouche 

Bunya virus 

South America 

Mosquito 

Not known 

Colorado tick fever 

Orbivirus 

USA 

ENCEPHALITIS 

Tick 

Rodents. 

Eastern Equine 
encephalitis 

Alphavirus 

Americas 

Mosquito 

Birds 

Western Equine 
encephalitis 

Alphavirus 

Americas 

Mosquito 

Birds,? Reptiles. 

Venezuelan Equine 
encephalitis 

Alphavirus 

Americas 

Mosquito 

Rodents 

St Louis 
encephalitis 

Flavivirus 

Americas 

Mosquito 

Birds 

West Nile 

Flavivirus 

Africa, Europe, 
West Asia 

Mosquito 

Birds 

Japanese 

encephalitis 

Flavivirus 

East Asia 

Mosquito 

Birds 

Murray Valley 
encephalitis 

Flavivirus 

Australia 

Mosquito 

Birds 

Russian Spring 
Summer encephalitis 
complex 

Flavivirus 

East Europe, 

USSR 

Tick 

Rodents, 
other mammals. 
Birds, Ticks. 

Loupinglll 

Flavivirus 

Britain 

Tick 

Sheep 

Powassan 

Falvivirus 

North America 

Tick 

Rodents 

California 

encephalitis 

Bunyavirus 

North America Mosquito 

HAEMORRHAGIC FEVER 

Rodents 

Chikungunya 

Alphavirus 

Africa, Asia 

Mosquito 

Not known, 

? Monkeys 

Dengue, types 1*4 

Flavivirus 

Tropics 

Mosquito 

Not known. 

? Monkeys. 
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Yellow fever 

Flavivims 

Africa, South 
America 

Mosquito 

Monkeys, Man. 

-Kyasanur Forest • 
disease 

Flavivirus 

India (Karnataka) 

Tick 

Rodents,? Ticks. 

Omsk haemorrhagic 
fever 

Flaviviras 

USSR 

lick 

Small mammals. 

Crimean-Congo 
haemorrhagic fever 

Bunyavirus 

USSR. Central 
Asia, Africa 

Tick 

Small mammals. 


blue tongue in asses in India, Africa and 
America, Ganjam disease of sheep in India and 
African horse sickness in horses and mules in Af- 
rica and Asia. 

Laboratory diagnosis: Diagnosis may be estab- 
lished by virus isolation or serology. As all ar- 
bovirus infections are viracmic, blood collected 
during the acute phase of the disease may yield 
the virus. Isolation may also be made from CSF in 
some encephalitic cases, but the best specimen 
for virus isolation is the brain. Specimens are in- 
oculated intracercbrally into suckling mice. The 
animals develop fata) encephalitis, though serial 
blind passages may be necessary in some cases. 
Some viruses may also be isolated in tissue cul- 
tures or, less readily, in eggs. Isolates are iden- 
tified by haemagglutination inhibition, comple- 
ment fixation, gel precipitation, immunofluores- 
cence or neutralisation with appropriate antisera. 
Virus isolation from insect vectors and reservoir 
animal or avian species also aids identification of 
arbovirus activity in the area. 

Diagnosis may also be made serologically by 
demonstrating rise in antibody titre in paired 
serum samples by haemagglutination inhibition, 
complement fixation or neutralisation tests. 
Serological diagnosis is often complicated due to 
the antigenic cross reaction between related vir- 
uses. This is especially so in the sera of persons 
who had prior infection or immunisation with 
other arboviruses because of the broad antigenic 
reactivity in such cases. 

Epidemiology: The epidemiology of arbovirus in- 
fections is linked with the ecology of their ar- 
thropod vectors and vertebrate hosts. Most ar- 


boviruses exist in nature in animal or avian 
species in which infection is asymptomatic. Infec- 
tion is maintained in these speries by a silent cycle 
involving mosquitoes or other arthropods natur- 
ally feeding on these species. The vector arthropod 
gets infected by biting a viraemic vertebrate. The 
vector, in turn, becomes infective only after an 
incubation period during which the virus multi- 
plies in its body to a sufficiently high titre (extrinsic 
incubation period). Human disease results only 
when the virus is accidentally transfered to man 
either directly by the vector or through the inter- 
mediary of animal reservoirs. A second epide- 
miological pattern is seen in diseases like dengue 
where no nonhuman vertebrate host has been 
identified. Here, the virus is maintained in a cycle 
composed of man and the domestic mosquito. In 
certain tick borne infections, the virus may be 
maintained for considerable periods by transova- 
rial transmission in ticks before it finds a verte- 
brate host. 

Control: Control measures are indicated only in 
those infections that lead to epidemics or epizoo- 
tics. These consist essentially of vector control 
and immunisation. While vaccination is very ef- 
fective in yellow fever, it has not been of equal 
value in the control of other arbovirus diseases. 
Administration of hyperimmune serum has been 
shown to be effective in some cases experimen- 
tally, but this has little clinical application. 

Group A arboviruses (Alphavirus) 

Group A arboviruses currently comprise 25 
serotypes, all of them mosquito borne. They 
exhibit antigenic cross reaction in haemagglutina- 
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tion inhibition and to a lesser extent in complement 
fixation tests. The neutralisation test is more 
specific. They produce epidemics of encephalitis 
in America and dengue-like fever in the tropics. 

Encephalitis viruses : Three members of this 
group. Eastern, Western and Venezuelan equine 
encephalitis viruses, cause encephalitis in horses 
and man. Eastern equine encephalitis (EEE) oc- 
curs along the eastern sea board of the USA and 
causes sporadic cases and small epidemics. West- 
ern equine encephalitis (WEE) is more widely 
distributed in America and causes large 
epidemics. Venezuelan equine encephalitis 
(VEE) prevalent in Central and South America 
usually causes an influenza-like illness, with en- 
cephalitis in a small proportion of cases. Several 
species of Culex and Anopheles mosquitoes are 
the vectors, and wild birds the reservoirs. For- 
malinised vaccines have been developed for EEE 
and WEE and a live attenuated vaccine for VEE. 

Viruses causing febrile illness: 1. Chikungunya 
virus: This virus was first isolated from human pa- 
tients and Aedes aegypn mosquitoes from Tan- 
zania in 1952. The name ’chikungunya’ is derived 
from the native word for the disease in which the 
patient lies ‘doubled up’ due to severe joint pains. 
Epidemics of chikungunya have occurred in 
many African countries In 1958, the virus caused 
a large epidemic of haemorrhagic fever in Thai- 
land. The vims first appeared in India in 1963, 
when along with dengue, it caused very extensive 
epidemics in Calcutta, Madras and other areas 
subsequently. Chikungunya outbreaks have oc- 
curred at irregular intervals along the east coast 
of India and in Maharashtra till 1973. Since then 
the virus has been quiescent. 

The disease presents as>a sudden onset of 
fever, crippling joint pains, lymphadenopathy 
and conjunctivitis. A maculopapular rash is com- 
mon and some show haemorrhagic manifesta- 
tions. Haemorrhagic lesions were common in 
Calcutta when the disease first appeared there in 
1963, but have been extremely rare afterwards. 
The fever is typically biphasic with a period of re- 


mission after 1-6 days of fever. The veetor is 
Aedes aegypti. No animal reservoir has been 
identified. Antibody to the virus has been de- 
monstrated in horses, cattle and other domestic 
animals, but its significance is not known. No vac- 
cine is available. 

2. O’nyong-nyong virus: This virus was first 
isolated in Uganda. This is confined to Africa, is 
closely related to the chikungunya virus antigeni- 
cally and causes a similar disease. This is trans- 
mitted by the Anopheles species. The Mayaro 
virus causes a similar disease in the West Indies 
and South America. 

3. Semliki Forest virus, first isolated in 1942 in 
Uganda from Aedes mosquitoes has not been as- 
sociated with clinical illness in man though neut- 
ralising antibodies to the virus have been de- 
monstrated in Africans. The Sindbis virus, origi- 
•nally isolated from Culex mosquitoes in the 
Sindbis district of Egypt in , 1952, has sub 1 
sequently been recovered from other parts of Af- 
rica, India, Philippines and Australia. In Africa, 
it is known to be associated with febrile illness in 
man. In India, antibodies have been detected in 
human sera, but no association has been estab- 
lished with human disease. The closely related 
Ross River virus has been associated iwith 
epidemic polyarthritis in Australia. . , 

Group B arboviruses (Flavivirus) 

This is the largest and the most important group 
of arboviruses containing over 60 serotypes. Rep- 
resentative members of this group are distributed 
in all parts of the world, covering all the zoogeo- 
graphic regions. They may be considered under 
two sections, the mosquito borne and the tick 
borne viruses. ^ I* 

MOSQUITO BORNE GROUP, 

1. Encephalitis viruses: Five members of this 
group cause encephalitis, each of them limited to 
a geographic zone . 

a. St. Louis encephalitis virus: This is prevalent 
in North and Central America and is the most im- 
portant mosquito borne disease in the USA. It 
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has caused several large epidemics in recent 
years, the clinical picture ranging from mild feb- 
rile illness to frank encephalitis and the case fatal- 
ity ranging from two to twenty per cent. Wild birds 
act as the reservoir and Culex tarsalis as the vector. 

b. ' liheus virus: This occurs in South and Cent- 
ral America, maintained in forests by a cycle in- 
volving mosquitoes, wild birds and monkeys. 
Human infection is largely subclinical or leads to 
febrile illness. Encephalitis is rare. 

c. West Nile virus: This virus, originally iso- 

lated in 1937 from the West Nile province of 
Uganda, has since been reported from many Af- 
rican countries, Israel, Cyprus, France and India. 
It causes -a dengue-like illness in man and en- 
cephalitis in horses. Ills endemic in Egypt, affect- 
ing mainly children. InTsrae! it causes epidemics. 
The virus is maintained in nature in wild birds by 
Culex mosquitoes. ~ . 

In India, the virus h^sbeen isolated from Culex 
mosquitoes and from a patient with fever. Its im- 
portance as a pathogen was confirmed following 
its isolation from the brains of three fatal cases of 
encephalitis in children in Karnataka during 
1980-81. West Nile virus may perhaps be con- 
tributing to sporadic and epidemic encephalitis in 
India, assumed to be caused by Japanese en- 
cephalitis virus. 

d. Murray Valley encephalitis virus: This is 
confined to Australia and New Guinea. The virus 
was isolated during an epidemic of encephalitis in 
the Murray River valley in 1951. Perhaps the 
same virus had been isolated earlier during the 
epidemics of encephalitis in 1917-1918, when it 
went under the name of Australian ‘X’ disease. 
The virus is believed to occur normally in an en- 
zootic cycle involving wild birds and mosquitoes, 
and to break out only occasionally ' into 
epidemics. Culex antiulirosiris is the vector. 

e . '-Japanese encephalitis: This virus occurs 
along the Orient, from Korea and Japan in the 
north to India and Malaysia in the south. The dis- 
ease had been recognised in Japan since 1871 and 
was named Japanese ‘B’ encephalitis to distin- 
guish it from ‘encephalitis A* (encephalitis lethar- 
gies, Von Economo's disease) which was then 


prevalent. The virus was first isolated in Japan 
during an. epidemic in .1935. Several large 
epidemics have occurred since then. Epidemics 
show a seasonal incidence (summer-autumn) in 
the temperate regions, though this is not evident 
in the tropical areas. Culex tritaeniorhynchus, a 
rural mosquito that breeds in rice fields is the 
principal vector. ^ ' 

The Japanese, encephalitis virus causes the 
most serious clinical disease among the five vir- 
uses of this group. The disease typically has an 
abrupt onset with fever, headache and vomiting. 
After 1-6 days, signs of encephalitis set in with 
nuchal rigidity, convulsions, altered sensorium 
and coma. 'The fever is high and continuous. 
There is neutrophil leucocytosis in the peripheral 
blood and pleocytosis with normal or raised sugar 
and a slightly raised protein in the CSF. The mor- 
tality rate in some epidemics has beenupto 50 per 
cent. Convalescence may take many weeks. Resi- 
dual neurological damage may persist in upto 50 
per cent of survivors. The large majority of infec- 
tions are, however, asymptomatic and it has been 
estimated that 500-1000 inapparent infections 
occur for every case of clinical disease. 

In India, Japanese encephalitis was first recog- 
nised in 1955 when the virus was isolated from 
mosquitoes of the Culex vishnuj c omplex from 
Vellore durine an outbreak of encephalitis in 
Tamil Nadu. The virus continued to be active 
in Tamil Nadu and Andhra in subsequent 
year^ also, causing illness mainly in children, 
indicating the endemic nature of the virus. Most 
of the cases occurred between October and 
November. _ • / 

Japanese encephalitis remained confined to 
the southeastern parts of India till 1973, when it 
caused a large outbreak of encephalitis in West 
Bengal. The epidemic affected adults also, with 
mortality rates approaching 50 per cent suggest- 
ing that the virus was freshly introduced into the 
area. Cases occurred mainly during June to 
October. From 1976, there have been periodical 
outbreaks of the disease in various parts of India 
— Dibrugarh (Assam) in the East, Gorakhpur 
(Uttar Pradesh) in the North and Goa in the 
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West. In the South, outbreaks have occurred in 
Kolar in Karnataka, various areas in Andhra 
Pradesh, Ttrunelveii and South Arcot in Tamil 
Nadu, and in Pondicherry. In addition, sporadic 
cases have been reported from different parts of 
the country, excepting the northwestern states 
and Kerala. Japanese encephalitis has become a 
major public health problem of national impor- 
tance (Fig 57.1). 

The natural cycle of the virus has been worked 
out in detail in Japan. Herons act as reservoir 
hosts and pigs as amplifier hosts. Human infec- 
tion is a tangential ‘dead-end* event and occurs 
when the infected mosquitoes reach high density. 
The natural cycle in India also may be similar. 
Natural infection has been demonstrated in 
Ardeid birds (herons and egrets), as well as bird 
to bird transmission through Culex tritaeniorhyn- 
chus. Other birds such as ducks, pigeons and 
sparrows may also be involved. Vertebrate hosts 
may include cattle and buffaloes, besides pigs. 
The major vector Culex tntaeniorhynchus has a 
predilection for the cattle and bites them in pre- 
ference to man or pigs. The high cattle-pig ratio 
in the country has been suggested as a factor 
limiting human infection. 

Preventive measures include mosquito control 
and locating piggeries away from human dwel- 
lings. A formalin inactivated mouse brain vaccine 
using the Nakayama strain has been employed 
successfully for human immunisation in Japan, 
and, in a small scale, in India also. Two doses at 
two weeks* interval, followed by a booster 6-12 
months later constitute a full course. Immunity 
produced by the vaccine is shortlived. Vaccina- 
tion of pigs has been proposed in view of their im- 
portance as amplifier hosts. 

\ ZfYellow fever. Yellow fever was recognised as a 
clinical entity as early as in the 17th century and 
was familiar to the pirates as ‘Yellow Jack *. It is a 
native of Africa and was Transported thence 
along the trade routes to Europe and America. 
The most serious epidemics occurred in the West- 
ern Hemisphere — Central America and the 
Caribbean, and even as far north as New York. 


Since early this century, the disease has been 
largely confined to certain areas of Africa and 
South and Central America. 

Carlos Finlay in Cuba in 1881. suggested that 
yellow fever was spread by Acdes aegypri mos- 
quitoes. In 1900, the U.S. Army Yellow Fever 
Commission, under Walter Reed, confirmed this 
observation and demonstrated that Acdes mos- 
quitoes were infected by feeding on human pa- 
tients during the early viracmic phase of the dis- 
ease and became infective after an exf rinsic incu- 
bation period of 12 days. This led to the prompt 
eradication of the disease from Cuba and the 
Panama Canal area by controlling the Acdes 
aegypti mosquitoes. There were even hopes of ul- 
timate total eradication of the disease but these 
had to be adandoned when in 1932, outbreaks of 
yellow fever occurred in Brazil in areas devoid of 
Aedes aegyptii. It was then recognised that the 
virus survives in another cycle — the forest or syl- 
vatic cycle — involving forest animals and mos- 
quitoes. 

The yellow fever virus was first isolated in 
1927 by inoculating rhesus monkeys with the 
blood of an African patient named Asibi. The 
virus was shown by Thclicr (1930) to grow well 
following intracerebral inoculation in mice. The 
infected mouse brain was used as a vaccine in 
former French West Africa (Dakar vaccine) 
though this was cncephalitogcnic. It was 
later replaced by a non-neurotropic (17D) vac- 
cine. 

After an incubation period of 3-6 days, the 
disease starts as a fever of acute onset with 
chills, headache, nausea and vomiting. The pulse 
is usually slow despite a high temperature. 
Jaundice, albuminuria, and haemorrhagic mani- 
festations develop and the patient may die of 
hepatic or renal failure. Most cases arc less 
severe, especially in the endemic areas, and may 
present as undifferenttiated fever without jaun- 
dice. 

Histologically, the liver shows cloudy and fatty 
degeneration and necrosis which islypically mid- 
zonal. The necrosed cells coalesce and become 
hyaliniscd leading to the formation of charac- 
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tcristic eosinophilic masses known as Council- 
man bodies. Acidophilic intranuclear inclusion 
bodies (Torres bodies) may be seen in the in- 
fected liver cells in the early stages. The histologi- 
cal picture of the liver is specific enough to be 
diagnostic, and this was the basis of early surveys 
undertaken to detect areas of yellow fever activ- 
ity. A special instrument (viscerotome) was 
employed for the collection of liver tissues from 
fatal cases for histological diagnosis. 

The epidemiology of yellow fever was clarifieid 
only after the recognition that the disease occurs 
in two distinct patterns. In the urban cycle, man 
serves both as the natural reservoir and as the de- 
finitive case, the virus being transmitted by the 
domestic A edesaegypti mosquito. In the foiest or 
sylvatic cycle, wild monkeys act as the reservoirs 
and forest mosquitoes (Haemogogus spegazzinii 
in South America and Aides afrteanus and 
simpsoni in Africa) as the vectors. Human cases 
occur only when man trespasses into the forest or 
when the monkeys raid villages near the forest. 

The control of urban yellow fever can be 
achieved by eradicating the vector mosquito, as 
was shown in Cuba and Panama early this century 
by Gorgas, but this is obviously impracticable 
with the sylvatic disease. Two very effective vac- 
cines have been developed for human use. The 
French neurotropic vaccine (Dakar) produced 
from infected mouse brain was thermostable and 
administered by scarification and hence conve- 
nient for use under field conditions in the tropical 
areas. But the vaccine carries a high risk of pro- 
ducing encephalitis in the vaccinecs, especially in 
children A safe and equally effective vaccine, 
the 17Dvaccincwas developed by Tlicilcrin 1937 
by passaging the Asibi strain serially in mouse 
embryo and whole chick embryo tissues and then 
m chick embryo tissue from which the central 
nervous tissue has been removed.' The 17D vac- 
cine is thcrmolabile and is administered by sub- 
cutaneous inoculation. Vaccination which is 
mandatory for travel to or from endemic areas is 
valid for ten y cats beginning ten days after vacci- 
nation. In India, the I7D vaccine is manufactured 
at the Centra! Research Institute, Kasauli. 'Yel- 


low fever is at present confined to Central and 
South America (between latitudes 15°N and 
20“S) and Africa (between 15°N and 15°S). Yel- 
low fever does not exist in India and is important 
to us for this paradoxical reason. India offers a re- 
ceptive area with a large population of Aedes 
aegypti and nonimmune humans. Strict vigilance 
is enforced on vaccination and quarantine for 
travel from endemic areas. This, no doubt, has 
checked the entry of the virus into India, but 
perhaps a more likely reason could be that even 
the stray virus that may be introduced may not be 
able to get established in the ’.ectors due to the 
prevalence in the local Aedes aegypti of the 
Dengue fever virus. 

3. \ lerigue: Dengue virus is widely distributed 
throughout the tropics and subtropics. Dengue 
fever which occurs intermittently in large 
epidemics is clinically similar to fever caused by 
chikungunya, O’nyong-nyong and West Nile vir- 
uses. Four types of the dengue virus exist: Type 1 
first isolated from Hawaii in 1944, type 2 from 
New Guinea in 1944 and types 3 and 4 from the 
Phillippincsin 1956. • ' 

Dengue presents typically as a fever of sudden 
onset with headache, retrobulbar pain, pain in 
the back and limbs (break-bone fever), lym- 
phadenopathy and maculopapular rash. The 
fever is typically biphasic (saddle back) and lasts 
for 5-7 days, followed as a rule by recovery. Den- 
gue may also occur in more serious forms, 1 with 
haemorrhagic manifestations (‘Dengue Haemor- 
rhagic Fever’) or with shock (‘Dengue Shock 
Syndrome*). These complications, first recog- 
nised in Thailand, have since occurred in many 
countries in South East Asia and Western Pacific. 
They arc more common in previously healthy 
children in the indigenous populations of the en- 
demic areas. They arc believed to represent a 
hypersensitivity response to sequential dengue 
virus infection in persons already sensitised by 
prior exposure to other serotypes of the virus. 
Haemorrhagic dengue is seen only rarely In 
India 0 ' 

The Dengue virus is transmitted from man to 


ARBOVIRUSES 


515 


man by the Aedes aegypti mosquitoes. No verte- 
brate host other than man has been identified. 
There is, however, some evidence that, as in yel- 
low fever, dengue also may have a sylvatic cycle 
involving monkeys, squirrels and other forest 
animals. 

Dengue is common along the east coast of 
India and has frequently caused highly wide- 
spread epidemics, sometimes along with chikun- 
gunya virus. A11 four types of dengue virus have 
been isolated in this country. Occasionally, more 
than one type of dengue virus has been isolated 
from the same patient. 

Control of dengue is limited to vector control 
as no vaccine is available. 

TICK BORNE GROUP ' 

These viruses produce t\vo clinical syndromes, 
encephalitis and haemorrhagic fevers. 

1. Tick borne encephalitis viruses: A number of 
viruses belonging to the Russian Spring Summer 
Encephalitis (RSSE) complex cause encephalitis 
along a wide area of the northern land mass from 
Scotland to Siberia. The names given to the dis- 
ease vary from one area to another depending on 
the variations in the prominent clinical features. 
Thus, jn Scotland, it is called ‘louping ill’ as the 
disease occurs primarily in sheep in which it 
causes a curious ‘leaping’ gait. Human cases that 
result from contact with sheep are mild and pre- 
sent as aseptic meningitis. It is called Central 
European Encephalitis, biphasic meningoence- 
phalitis and RSSE, in Central Europe, Eastern 
Europe and USSR, respectively. RSSE is the 
most serious form, with high rates of fatality and 
permanent paralytic sequelae in some survivors. 
Infection is transmitted by the bite of Ixodid 
ticks. The virus is transmitted transovarially in 
ticks so that they can act as the vector as well as 
the reservoir hosts. Wild rodents and migrating 
f birds are other reservoirs. Biphasic menin- 
goencephalitis may be transmitted to man by 
drinking the milk of infected goats. The control 
of infection by the RSSE complex depends on the 


avoidance of tick bites. A formalin inactivated 
RSSE vaccine has been found useful. 

Another tick borne vims, the Powassan vims 
causes encephalitis in Canada and Northern 
USA. 

2. Tick borne haemorrhagic fevers : a. Kyasanur 
Forest Disease (KFD): This is a haemorrhagic 
fever that occurs in Karnataka State (India). In 
1957, several dead monkeys were noticed in the 
Kyasanur forest in Shimoga district in Karnataka 
along with a severe prostrating illness in some of 
the villagers in the area. A similar illness had 
been observed in the locality a year earlier also. 
A new arbovirus, antigenically related to the 
RSSE complex, was isolated by investigators 
from the National Institute of Virology (formerly 
Vims Research Centre), Pune, from the patients 
and deqs Lmonkeys . It was named the KFD vims 
after the name of the place from where the first 
isolations were made. 

KFD has a sudden onset with fever, headache, 
conjunctivitis, myalgia and severe prostration. 
Some cases develop haemorrhages into the skin, 
mucosa and viscera. The case fatality rate is 
about five per cent. For many years after its dis- 
covery in 1957, the epizootic and epidemic activ- 
ity of KFD remained confined to the areas con- 
tiguous to its original focus in Sagar, Sorab and 
Shikarpur taluks Pf Shimoga district. Between 
1972 and 1975, a few other smouldering foci de- 
veloped in the adjacent areas in North Kanara 
and Shimoga districts. Though the disease had 
not been observed anywhere else, the vims ap- 
peared to be more widely distributed, as an- 
tibodies had been demonstrated in man and ani- 
mals in the Kutch and Saurashira peninsula and 
in some other scattered places in India. 

The situation changed suddenly in 1982 with 
the appearance of an epizootic and epidemic in 
Belthangadi taluk in South Kanara. This fol- 
lowed the clear-felling of part of an evergreen re- 
serve forest in the area in September 1982. The 
outbreak, known commonly as ‘ monkey fever *, 
started with dead monkeys being observed in Oc- 
tober. The first human case was observed late in 
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December and during the next five months, 1 142 
human cases were recorded with 104 deaths. The 
outbreak subsided with the onset of monsoon in 
June, but reappeared the following December. 
The ecological disturbance caused by clear-fel- 
ling of the virgin forest is believed to have acti- 
vated a sdent enzootic focus of the virus (Fig. 
57.2). 

Forest birds and small mammals are believed 
to be the reservoir hosts. Infection is transmitted 
by the bite of ticks, the principal vector being 
Haemaphysalis splnigera. As infection in mon- 
keys leads to fatal disease, they are unlikely to be 
the primary reservoirs, but only amplifier hosts. 
Haemaphysalis ticks may act as the reservoir to 
some extent as transovarial transmission of the 
virus has been demonstrated in them . 

Though KFD is related antigenically to the 
RSSE complex, the RSSE vaccine has not been 
found to confer any protection against the dis- 
ease. A killed KFD vaccine was used in a small 
field trial and appeared to provide some degree 
of protection. 

b. Omsk haemorrhagic fever: This occurs in 
the USSR and Rumania. It is clinically similar to 
KFD and is caused by a related virus. Denmacen- 
tor ticks are the vectors. 

Uunyavlridae 

This large group of arboviruses contains over 200 
species, most of which are mosquito borne. Some 
are transmitted by sandflies (e.g., Phlebotomus 
lever group) or ticks (e.g., Crimean Congo 
Haemorrhagic Fever group). The Hantaan virus 
causing haemorrhagic fever with renal syndrome 
and spread through rodent excreta also belongs 
to this group. Some bunyaviruses are established 
pathogens, causing natural diseases, and even 
epidemics and epizootics, while many have been 
isolated only from insect vectors and have not 
been associated with any human or animal dis- 
eases. ' 

Bunyamwera group'. B unyam wera, Ilcsha and 
Gcrmiston viruses, isolated from Uganda, 


Nigeria and South Africa, respectively, have 
been associated with mild fever in patients. The 
Chittoor virus, isolated from mosquitoes in India 
has been found to be identical with the Batai virus 
belonging to this group. Antibodies to the Chit- 
toor virus have been demonstrated in the sera 
from cattle, sheep, goats, horses and camels in 
India, but no association has been established 
with any human or animal disease. 

Bwamba group: The Bwamba virus was isolated 
from febrile patients in Uganda. The closely re- 
lated Pongola virus was isolated from South Af- 
rica. 

C group: Several viruses isoalted from a limited 
area around Belem (Brazil), Trinidad and 
Panama constitute this group. They cause mild 
febrile illness. 

California group: Members of this group occur in 
America, Africa and Europe, The California en- 
cephalitis virus was isolated from mosquitoes, in 
1943. It produces fever with encephalitis or asep- 
tic meningitis. It is a benign illness, fatalities and 
sequelae being very rare. The closely related La 
Crosse virus, first isolated from a fata! case of en- 
cephalitis in La Crosse, Wisconsin, is widely dis- 
tributed across the USA. It causes the same clini- 
cal picture as California encephalitis. Tahyna 
virus of this group has been isolated from man in 
Europe, but its pathogenic role is uncertain. 

Simbu group' Oropouche virus belonging to this 
group causes febrile illness in Trinidad. Sathup- 
eri, Kaikalur and IngWavuma viruses of this 
group have been isolated in India from mos- 
quitoes or birds, but are not known to cause 
human infection. ‘ • t f 

Turlock group: Umbre virus belonging to this 
group has been isolated from culex mosquitoes in 
India. ,v ’ 

Crimean-Congo haemorrhagic fever group : .The 
Crimean haemorrhagic fever virus, first isolated 


ARBOVIRUSES 


517 


Fig. 57 2 Distribution of Kyasanur Forest Disease (Courtesy: National Institute of Virology, Pune). 



in Crimea in 1945, was subsequently found to be 
identical with the Congo fever virus isolated in 
1956 in Zaire (Congo); hence the name Cri- 
mean-Congo Haemorrhagic Fever (CCHF). The 
disease is endemic in Eastern Europe, Central 
Asia and many parts of Africa. Cattle, Sheep, 
goats and other domesticated mammals act -as 
natural reservoirs. It is transmitted b yHyalomma 
ticks. During the acute phase of the disease, the 
blood of patients is highly infectious and direct 
transmission may occur through contact. A re- 
lated virus, Hazara, has been isolated in Pakis- 
tan, It is also widespread in Iran, Iraq and the 
D AE. Antibodies to CCHF group of viruses have 
been detected in human and animal sera from 
India. 


Phlebotomus fever group : Phlebotomus fever, 
.also known as sandfly fever, papattaci fever and 
three-day fever is a self-limited, nonfatal fever 
transmitted by the bite of the sandfly 
Phlebotomus papattaci. It occurs along the 
Mediterranean coast and Central Asia, extend- 
ing as far east as Pakistan and India. Cases have 
been reported from South and Central America 
also. Two antigenic types of the virus exist — 'the 
Sicilian and Naples strains. Both types have been 
isolated in India from sandflies and febrile pa- 
tients. No vertebrate host other than man has 
been identified. There is some evidence for verti- 
cal transmission of the virus in sandflies. 

Nairobi sheep disease group: This disease affects 
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sheep in large parts of equatorial Africa and 
causes considerable economic loss. The related 
Ganjam virus causes disease in sheep in India. It 
appears to be transmitted by Haemaphysalis 
ticks. There is some evidence that it may infect 
man. Accidental infection in laboratory workers 
has caused mild febrile illness. 

Rift Valley fever : This mosquito borne virus 
causes enzootic hepatitis in sheep and other 
domestic animals in Africa and is named after 
Rift Valley, Kenya, where it was first recognised. 
It causes periodic epizootics and epidemics. The 
human disease resembles influenza. In 1978, it 
caused an extensive epidemic in Egypt with many 
deaths. 

Orblvirus 

Colorado tick fever is a self-limited benign illness 
with a biphasic course, associated with leuco- 
penia. It is spread by the wood tick Dermacentor 
andersoni and the distribution of the disease in 
Western USA is limited to the habitat of the tick. 


" African horse sickness virus, transmitted by 
Culicoides, has for long been known to cause dis- 
ease among equines in Africa. In 1959-60 it 
spread eastwards in epizootic waves to Iran, Af- 
ghanistan, Pakistan and India. It caused exten- 
sive disease among army horses and mules in 
India. 

Palyam, Kasba and Vellore viruses, belonging 
to the orbivlms group, have been isolated from 
mosquitoes in India, but their pathogenic role is 
not known. 

Vesiculovirus 

The Chandipura virus, belonging to the ves- 
iculovirus group of Rhabdoviridae, was isolated 
in 1967 from the blood of patients during an 
epidemic of dengue-chickungunya fever in 
Nagpur. The virus appears to multiply in 
sandflies 'and Aedes mosquitoes. Anti- 
bodies are common in human sera from different 
parts of India, as well as in animal sera. The 
pathogenic significance of the virus has not been 
established. 
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Rhabdoviruses 

, c 

Bullet shaped viruses with single stranded RNA 
genome are classified as rhabdoviruses (from 
rhabdos, meaning rod). The family Rhab- 
doviridae contains viruses that infect animals, 
birds, fishes, insects and plants. Some members 
multiply in vertebrates and arthropods. Rhab- 
doviruses infecting animals belong to two genera, 
— Vesiculovirus containing vesicular stomatitis 
virus and related viruses, and Lyssavirus contain- 
ing rabies virus and related viruses. The name lys- 
savirus is derived from lyssa, meaning rage, a 
synonym for rabies. 


RABIES VIRUS 

Morphology : Rabies vir us is bullet shaped, 180 x 
75 nm . wit h one end round or co nical an djhe 
other planar or concave. The outer lipoprotein 
envelope carries spikes. S pikes" do7iot cover the 
Ijl anar end of the virio iygpikes may_be released 
from the envelope by treatme n t with lipid oy 
d etergents . Beneath the envelope is the protein 
membrane layer which may be invaginated at the 
planar end. TTte mem brane may project outward s 
from the planar end of some virions forming a 




Fig 5S.1 Morphology of Rabies vims, shows membrane envelope with surface projections, anal channel, terminal 
knob and helical nbonucteoprotein capsid. 
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bleb. The core of the-virion consists. othelicaJly 
arranged ri bonucleop rotein (Fig. 58.1). 

Resistance: The virus is sensitive to ethanol, 
iodine preparations, quaternary ammonium 
compounds, and lipid solvents such as ether, 
chloroform and acetone. It is inactivated by 
phenol, formalin, beta propiolactone, ultraviolet 
irradiation and sunlight. Thermal inactivation 
occurs in one hour at 50°C and five minutes at 
60°C. It dies at room tempciature, but can sur- 
vive for weeks when stabilised by 50% glycerol It 
survives at 4°C for weeks. It can be preserved at 
-70°Cor by lyophilisation. 

Antigenic properties: The surface spikes are com- 
posed of glycoprotein, which induces the forma- 
tion of protective antibodies when injected into 
animal;. The purified glycoprotein may therefore 
provide a safe and effective subunit vaccine. The 
spike glycoprotein also induces complement fix- 
ing antibodies which may be relevant in the com- 
plement dependent immunolysis of cells infected 
with rabies virus. 

Rabies virus possesses haemagglutinating 
activity, optimally seen with goose erythrocytes 
at 0° -4° and pH 6.2. Hacmagglutination is a prop- 
erty of the virus surface. It is inactivated hy heat 
(56°C for 30-60 minutes.), ether, trypsin, pro- 
nase, deoxycholate or Tween 80, but not by beta 
propiolactone. Haemagglutination inhibiting anti- 
bodies develop following infection or immunisa- 
tion. HI antibodies parallel neutralising anti- 
bodies. The HI test would therefore provide a 
useful method of assaying immunity to rabies, 
but the low sensitivity of the test and the presence 
of nonspecific inhibitors in all sera limit its value. 
Nonspecific inhibitors can be destroyed by treat- 
ment with acetone or kaoli n . 

The nucieocapsid protein induces complement 
fixing antibodies. These are not protective. The 
antigen is group specific and cross reactions are 
seen with some rabies related viruses. Antiserum 
prepared against the nucieocapsid antigen is use- 
ful in diagnostic immunofluorescence tests. 
Other antigens identified include two membrane 


proteins, glycolipid and RNA dependent RNA 
polymerase. 

Host range and growth characteristics 

/. Animals : All warm blooded animals are sus- 
ceptible to rabies infection, though differences in 
susceptibility exist between specie's. For exam- 
ple, cattle, cats and foxes are highly susceptible, 
whereas skunks, opossums and fowl are rela- 
tively resistant. Man and dogs occupy an inter- 
mediate position. Pups are more susceptible than 
adult dogs. Experimental infection can be pro- 
duced in any laboratory animal, but mice are the 
animals of choice. They can be infected by any 
route. After intracerebral inoculation, they 
develop encephalitis and die within 5-30days. 

Rabies virus isolated from natural human or 
animal infection is termed street virus. Following 
inoculation by any route, it can cause fatal 
encephalitis in laboratory animals after a long 
and variable incubation period of about 1-12 
weeks. Intracytoplasmic inclusion bodies (Negri 
bodies) can be demonstrated in the brains of ani- 
mals dying of street virus infection. After several 
serial intracerebral passages in rabbits, the virus 
undergoes certain changes and becomes what is 
called the fixed virus. The fixed virus is more 
neurotropic, though it is much less infective by 
other routes. After intracerebral inoculation, it 
produces fatal encephalitis after a short and fixed 
incubation period of 6-7 days. Negri bodies are 
usually not demonstrable in the brains of animals 
dying of fixed virus infection, Fixed virus is used 
for vaccine production. 

2. Chick embryos: Rabies virus can be grown in 
chick embryos. The usual mode of inoculation is 
into the yolk sac. Serial propagation in chick 
embryos has led to the development of attenua- 
ted vaccine strains like Flury and Kelev. Strains 
adapted to duck eggs which give high yields of 
virus have been used for preparation of inacti- 
vated vaccines. 

3. Tissue culture: Rabies virus can grow in several 
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primary and continuous ceil cultures such as 
chick embryo fibroblast, porcine or hamster kid- 
ney, but cyto'pathic effects are not apparent and 
the yield of virus is low. Fixed virus strains 
adapted for growth in human diploid cell, chick 
embryo and vero cell cultures have been used for 
production of vaccines. 

, , ^ RABtES 

Rabies has been recognised from very ancient 
times as a disease transmitted to man and animals 
by th e bite of ‘mad dogs '. The name rabies comes 
from the Latin word rabidus . meaning mad, 
derived from the Sanskrit root rabhas k to do vio- 
lence, ReferenceJo rabies hasbeexijJiscoveredin 
the Mesopotamian Laws «f Eshnu nna (circa 18 00 
($lc.). The' disease was^ traditionally associated 
with the appearance of the Dog Star Sidusinjhe 
‘dog days’ of summer when dogs were considered 
to be prone to spells of ‘madnesV. The disease in 
man is called /iydrop/iohia because the patient 
exhibits fea r of w ater, being incapable of drink- 
ing though subject to intolerable thirst. Rabies in^ 
animals is not called hydrophobia because t hey 
do not have this_peculiarfeature. 

The causative agent of rabies ha d, for cen - 
tu ries, been associated with the saliva of-rabld - 
dogs, but it was only in 1804 that Zinke add uced 
pr oof b y tra nsmitting the disease to normal dogs 
by inoc ulat ion of saliva from rab i d dogs. In 18 2f, 
Ma gendie a nd Breschet in fectecTdogs with saliva 
Srcm 3 human pattern, p roving the identi ty of th e 
a gent causing human and animal rabies. Iq a 
serie s of studies d ating from 1881 , Pasteur estab- 
lished that rabies virus was present in the brains 
of infected animals. By serial intracerebral pas- 
sage in rabbits he obtained the fixed virus and 
demonstrated that dogs could be rendered 
immune by a series of injections of fixed virus of 
graded infectivity. This vaccine was prepared by 
drying for various periods, pieces of spina! cord 
from rabbits infected with the fixed virus. In July 
1885, Joseph Meister, a nine year old lad, 
severely bitten by a rabid dog and in grave risk of 
developing rabies, was given a course of 13 inocu- 


lations of the infected cord vaccine by Pasteur, 
The boy survived. This dramatic event marked a 
milestone in the development of medicine. 

Pathogenesis 

Man is usually infected by the bite of rabid dogs 
or other animals. The virus prese nt in the saliva 
of the anim al is d eposited~Tn~ the woundr-Tf 

rabies. Very rarely, infection can also occur fol- 
lowing such nonbite exposures as licks or aerosols 
containing the virus. Man appears to possess a 
high degree. oLnaturaLresis tance to rabies . The 
extent of inappare nt or abortive infection with 
rabies virus in man i s not known, but the finding , 
in one survey, o f rabie s antibodies in six per cent 
of veterin arian s^ w ithout any histor y of antirah ie 
vacanafionsuj gests that it does occu r. 

The virus appears to rniiltipiyTrniie muscles, 
co nnective tissue or nerves at trie site ot ce pdSu 
tipn. It p enetrates the nerve endings either 
immediately or after a varying inte rval 
tr avels in the axoplasm towards the spma Tcbrct 
grid _b rain. The movement of the virusTn the 
axons is passive, at a speed of about 3 mm pei- 
hour.^meTmfection spreads centripetally~from 
the, axon t O~thenTeifi 1 onarSodi« 7and progresv 
siygly_up__the^pi nal cord throughT he synapsgrof 
neurons. Th e virus ascends ra pidly to tfuTbraint 
wh ere it multiplies. T he virus then spreads' ouN 
wards along thejervejTOnks_to_y arious parts of 
the body jjjfJudljjg the saliv ary jdarnfo J r jcoufiL 
plies in the salivary glands a nd is shed in the 
saliva. TKeTpresence ot the virus in the saliva and 
the irritability and aggression brought on by the 
encephalitis ensure the transmission and survival 
of the vims in nature. The virus ultimately 
reaches virtually every tissue in the body, though 
the centrifugal dissemination may be interrupted 
at any stage by death. The virus is almost invari- 
ably present i n the cornea and the facial skin of 
patients because~of their proximity to the brain . 
This provides a method for the antemortem diag- 
nosis of human rabies. The vims may also be shed 
in the milk and urin e. 
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In man the incubation period is usually from Some persons exposed to real or ima ginary-risk 


1-3 months, though it may be as short as IQdays 
or as long as three years ^, Incubation period is 
usually short in persons J)itte_n_on _Jh e face or 
head, and long in those bitten onjhejegs. This 
may be related to the distance th e virus has t o 
travel Jo reach the br ain . Incubation perioe fis 
generally shorter in children jhanJn adults . , 

The course ofjhe disease in man_can-be p) as- 
sified into_four_stages — prodrome, acute 
neurological phase, coma an d death. The on set 
of the diseaseJs_usuallyJmtiatedJiy_prodrQinal 
symptoms s uch as low grade fever , heada che, 
malajse, fatigue an d anorexi a. T he earliest 
symptom isofien neuritictype of pain or paracs- 
thesia anflTascic ulation at t h e site of virus ent ry. 
Apprehension , anxiety. "agitation, irritabilit y, 
nervousness, in somnia or dep ressio n chara cteris e 
the prodromiflp Ease, w hich usually lasts 2-4days. 

The acu te neurological' phase usuairy~ begtfis^ 
wi th hvneractiv itv r which is charac teristically 
in termittent , wit h bouts of bizarre behaviour , 
agitation or s eizures appearing between app a- 
r ently normal periodsa^Such hyperactivity may be 
spontaneous^ or preci pitatel T by external stim uli. 
The pathogn omon j efeatute is difficulty in drink - 
ing, togeth er with intense thirst , patients may be 
able to swal low dry solids _-but not liq uids. 
Attempts todrink bring on such painfu] s pasms of 
the pharynx and l aryn x producing choking or 
gagging that patients develops dread for ev en th e 
sight or sound'of water (h ydrophobia) . Genera- 
lised conv ulsions fo ll ow.nbeath usually occ urs 
within 1^6 da ys due t o respiratory_arrest during 
convulsions~Sornepatie~hts prog ress to paralysis. 
In rare cases, hype ractmtymay not be prominent 
and paralytic features dominate from the begin- 
ning. ~5 uch paralytic diseaselis more common ITT 
Latin A merica and Trinidad af ter exposure to 
vampire bat rabies, and in those who have 
received postexposuie- vaccination. Death occurs 
due t o respiratory paralysi s. . ' ^ 

Patients who survive the _stage__of actue 
neurological Involvement lapse Intojmma,. which, 
may last for ho ure'oTmonths. Death is due jo- 
respiratory arres t or other co mplications. . 


of rabies develop a neuroti c reaction which has 
been called l yssaphobia^or fiyjrophobiophobia. 
Patients present w ith anxiety, imta bih_ty_and 
exaggerated hydrophobia. T hey a rejifgbrijg. 
Sedation _and reass urance are generally all that 
are called fori 

Tn dogs, the incubation period is usually 3-6 
weeksrbut It may r a rige~trorn 1U days to a year . 
Tlie initial signs are an alert, troubled air a nd a 
change i n disposition with restlessness, s napping 
af imaginary objeclsTTicking^r gnawing at th e 
site 6? bfle. After 2-3 days of this prodromal 
stage, the dise ase develops i nt o eithe r th ej urious 
ox du mb typeof rabies. I n furious rabies, which is 
much co mmoner, t he dog runsamok, biti ngwith- 
out provocation and in discri minately. T he lowe r 
jaw droogsjind saliva dr ools fro m Jhe mouth. 
Paralysis, convulsions arid death follow ."Thescc; 
ond typejhe dumb rabies is the paral ytic form in 
whichlthe animal lies huddled, unable to feed. 
The dog may not bi te ,' but attempts to feed it are 
dangerous". The dumb form is as infectious as the 
furious’type. About 60^per cent of rabid dogs 
shed th e virus in sal iva. Ra bid does usually^Tie in’ ** 
3-5 days. There have been a number of reports of 
peisonTdeveloping rabies after being bitten by 
apparently healthy dogs. However, in countries 
like India where stray dogs are so common, jt is 
not always easy to exclude the possibility of such 
patients having been bitten earlicFBy other an’i; 
mals. Recently, earner state in dogs has been 
confirmed and inter mittent s alivary_shedding_of. 
rabies virus over two years demonstrated in a car- 
rier dog. But there is no evidence to indicate that 
this is anything but a" very rare event. The possi- 
bility of carrier dogs has not $o_farjiltercd the 
Recommendations for.postexposurc treatment. 
Howevei7wheri~tissue culture vaccines become 
widel/ - available,’ _the__recammendation ’may 
change. 

_ Rabies in cats is similar to canine rabies. In cat- 
tle and horses, rabies is manifested as irritability, 
restlessness and unusual aggressiveness, but it is a 
dead end as they hardly ever bite man or other 
animals'. In wild animals, the chief characteristic a 
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of rabies is the loss of fear of man and other ani- 
mals. Unprovoked attacks by jackals or other 
wild animals should be taken as indication of 
rabies., » 

Histopathological changes in the brain are 
minor compared to the clinical evidence of severe- 
neurological damage and the fatal outcome. Vas- 
cular congestion, perivascular infiltration and 
cerebral oedema, with some neuronal destruc- 
tion are the usualiinHings. Demyelination in the 
white matter is commomJrLthe spinal cord, the 
posterior horns' - are* more severely involved. 
Some degree of leptomeningiti s is com mon. The 
greater localisation of t he vir us in the limbic sys- 
tem, with relative sparing of the neocortex, cor- 
relates with the alertness, aggressiveness and loss 
of natural timidity seen in clinical rabies. The 
characteristic histopathological feature in rabies 
is the intracytoplasmic inclusion body (Negri 
W#dy) i n the neurons, most abundant in the cere- 
bellum and hippocampus. 

Laboratory diagnosisn 

Human rabie s: Laboratory diagnosis of human 
rabies till recently was of little practical impo r- 
tance as death was considered inevitable an d.no 
serious attempt at treatment was made, other 
thanlieav y sedation . If a patient survived, he was 
considered not to have had rabies. But now that 
survival from established rabies has bee n de mon- 
strated, it is neces sary to be able to make labo ra- 
tory distinction betwee n rabies and other forms 

of enceph alitis, par ticularly _that following 

antira bic vaccination . 

The method most commonly used for diagnosis 
is demonstr ation of rabies vims antigen by 
i mmunofluorescence ^ The specime ns tested ar e 
cor neal smears and facial skin bion sALantemor- 
tem and brain postmortem. Direct immunofluo - 
res cence Is done > Ktng~amirahip«; s erum tagged 

wi thfluorescein isothiocyanate . T he use of 
mo noclonallmtibody i nstead of crude antiserum - - 
mak esthe test more spe cific. 

Diagnosis ma y be made postmortem by 
demonstration ofi^egq Hodiesi n JjiainJiutjhey 


may be absent in some 20 per cent of human 
cases. ' ‘ ----- — 

Isolation of the virus b y mouse inoculation c an 
be aitempted'Trom thYb~ra in7~C SF7 saiiva and 
urine. Chances of isolation are greater early in 
the disease. AJew days after onse Yrieutrah 'sing 
antibodiei_appear_aridlKe ^ virus canTherTbcTso^ 
lated on ly occasional ly. T~ 

High tit re antibodies are present in the CSF in 
rabiejjbut noLa h^mmlmisation rTH^dpmT^ 
stration therefore canbeusedior diagnostsT' - '’ 

Am nia/ mbfa iXaboratory diagnosis of rabies in 
dogs and other biting animals is of great impor- 
tance in assessing the risk of infection and decid- 
ing postexposure treatment. The whole carcass 
or the severed head of the animal siT^rts to 
htmLiik dof rabies may be semto the 
Alternatively, the brain may beremoved^ire- 
fully and two portions, one in 50% glycerolsalirie 
and the other in Zenker’s fixative, sent for bio- 
logical test and microscopy, respectiv5]yTTh' c 
portion of brain sent should include th^hip- 
pocampus and cerebellum as Negri bodies are 
most abundant there. The following tests are- 

done in the laboratory?^. ~ 

1. Demonstration of ra bies virus anti gen 
immunofluor escenc e: In ex perienced ha jmTtfic 
is more sensitive than visualis ation of~Ne pri 
bodies, and quite as sensitive asthe biological 
test, with the advantage of immediate results. 
Examination of salivary glands by immuno- 
fluorescence is useful. lLmMJndicate_wh£tlier 
the animal was shedding virus in the saliva. 

I Jemonstrat ioir oHnclusian bodi es: This is 
still themethodriibst commonly used as facilities 
for immunofluorescence and biological test are 
not available in many laboratories. Impression 
smears of the brain are stained by Seller’s 
technique (basic fuchsin and methylene blue in 
methanol), which has the advantage that fixation 
and staining are done simultaneously. Negri • 
bodies are seen as intracytoplasmic, round or 
oval, purplish pink structures with characteristic 
basophilic inner granules. Negri bodies vary in 
size from 3-27 ft (Fig. 5S.2). Other tj* ' ■ ■* , 
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sion bodies may sometimes be seen in the brain in 
diseases such as canine distemper, but the pre- 
sence of inner structures in Negri bodies makes 
differentiation easy. If impression smears are 
negative the tissue should be sectioned a*d 
stained by Giemsa or Mann's method. Failure to 
find Negri bodies does not exclude the diagnosis 
of rabies. 

3. Isolation of rabies virus (Biological test): 
The brain tissue suspension is injected intracerc- 
brally into young mice. They die within three 
weeks, showing numerous Negri bodies in the 
brain. If several mice are used per specimen, they 
can be killed serially and brains examined for 
vims antigen by immunofluorescence. This yields 
a quicker result. 

/Prophylaxis 

Specific prophylaxis is ideally given before expo- 
sure to infection. In animals, this is imperative, 
but in man, preexposure immunisation was only 
employed in persons at high risk, such as vet- 
erinarians and dog handlers, because neural vac- 
cines carry some risk of serious complications. 


The introduction of cell culture vaccines which 
are free from serious complications, has made' 
preexposure immunisation in man safe and feasi- 
ble. Specific prophylaxis is generally employed 
after exposure to infection and is therefore called 
antirabic treatment. This consists of local treat- 
ment, antirabic vaccines and hyperimmune 
scrum. 

Local treatment: Ani mal bites deposit the virus in 
the wounds. Prompt cauterisation of th e wou nds 
Therefore helps t o destroy the vir us. Thcjyound 
should be imme diately washed well with soap and 
water. Th is' is a very important step in the preven - 
tio n’ ofrabics as so ap and water destroy the vir us 
effectively . After washing the soap away com - 
pletely , the wound is treated with quaterna ry 
a mmonium - comp ou nds (such as ce tavlon), 
tincture or aqueous solution of iodine, or alcohol 
(4®^7fl'pcr cent). In s evere wounds, antirabic 
scrum may be applied topically an d infiltrated 
around The "wound , it is desirable uTpostpon c 
suturid glhe wouhd . ~Antitetanus measures and 
anfiblSlics to prevent sepsis may be used, if 
necessary. 



Fig 58 2 Negri bodies Ov »l Or ovoid inclusions in the cj toplasm of nerve cells of the brain of a 
rabid dog 
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Antirabic vaccines: Anti rabic v accinesJalLinto. 
tw omain cat e gories : neural and nonncu raL The 
fofmet^are^associateJ' with serious^nsk of 
neurological complications and are being increas- 
ingly replaced by the latter. 

NEURAL VACCINES 

These consist of suspensions of nervous tissues of 
animals infected with fixed rabies virus. The ear- 
liest was Pasteur's cord vaccine prepared by dry- 
ing over caustic potash for varying periods pieces 
of infected rabbit spinal Cord. This was replaced 
by infected brain vaccines, of which there have 
been several preparations. One of the earliest of 
these, the Fermi vaccine prepared by treatment 
with phenol at 22°C contained residual live virus 
and has therefore been abandoned. The follow- 
ing are the more important: 

/. Semple vaccine : This vaccine developed by 
Semple (19U)"at the Central Research Institute, 
Kasauli, has been the most widely used among 
antirabic vaccines. It is a 5% suspension of sheep 
brain infected with fixed virus and inactivated 
with phenol at 37°C, leaving no residual live 
virus. • • , 

2. Beta propiolactoneS HP L) vaccine: This is a 
modification of Semple vaccine in which beta 
propiolactone is used as the inactivating agent 
instead of phenol. It is believed to be more 
antigenic, so that smaller doses are considered 
adequate. The major antirabic vaccine producing 
laboratories in India now manufacture BPL vac- 
cine, while the others continue making Semple 
vaccine. 

3. Infant brain vaccines: The encephalitogenic 
factor in brain tissue is a basic protein associated 
with myelin. It is scanty or absent in nonmyeli- 
nated neural tissue of newborn animals. So infant 
brain vaccines have been developed in order to 
reduce neurological complications. A vaccine 
prepared from suckling mouse brain and inacti- 
vated by ultraviolet irradiation, beta propiolac- 


tone or phenol (Fuenzalida type vaccine) is 
widely used in South America. Similar vaccines 
prepared from infant rat brain are in use in the 
USSR and from suckling rabbit brain in the 
Netherlands. Occasional cases of neurological 
reactions have occurred following infant brain 
vaccines also. Infant brain vaccine is impractical 
in India due to the very large quantities required. 

NONNEURAL VACCINES 

J. Egg vaccines 1. Duck egg vaccine: This is 
fixed virus adapted for growth in duck eggs and 
inactivated with beta propiolactone. This has 
been discontinued because of its poor immuno- 
genicity. 

2. Live attenuated chick embryo vaccines: Two 
types of vaccines are available — the Low Egg 
Passage (LEP) vaccine at 40-50 egg passage level 
for immunisation of dogs of three months or 
more, but not for other animals or young pups, 
and the High Egg Passage (HEP) vaccine at 180 
passage level for cattle and cats. The HEP vac- 
cine had been used for preexposure immunisa- 
tion in man also, but it is not recommended now 
as it contains live virus. 

II. Tissue culture vaccines: The first cell culture 
vaccine was the human diploid cell strain 
(HDCS) vaccine developed by Koprowsky. Wik- 
tor and Plotkin. It is a purified and concentrated 
preparation of fixed rabies viru s (Pi tman-Moor e 
Strain ) grown on human diploid cells (WI 38 or 
MRC 5) and inactivated with beta propiolactone 
or tri-n-butyl phosphate. It is highly antigenicand 
free from serious side effects. Its only disadvan- 
tage is its high cost. Other equally effective and 
more economical cell culture vaccines have been 
developed. The purified chick embryo cell cul- 
ture (PCEC) vaccine containing BPL inactivated 
Flurv LEP str ain is now widely used. Even more 
economical is the vero cell vaccine which is 
expected to become available shortly. 

III. Subunit vaccine: The glycoprotein subunit on 
the virus surface, which is the protective antigen 
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has been cloned and recombinant vaccines pro- 
duced. They are still in the experimental stage. 

Vaccination schedules: In the advanced countries 
the neural and duck egg vaccines have been replaced 
by cell culture vaccines for human and animal use. 
They are not widely employed in developing coun- 
tries like India due to the high cost, and neural 
vaccihes continue to be in use. The schedules for 
both types of vaccines are given below. 

Antirabic vaccine should be administered 
when a person has been bitten, scratched or 
licked by an animal which' cannot be appre- 
hended. When the biting animal can be observed, 
it should not be destroyed, but should be kept for 
ten days. The observation period of ten days is 
recommended because the virus may be present 
in the saliva 3-4 days before onset of symptoms 
and the animal usually dies within 5-6 days of 
developing the disease. If the animal remains 
healthy after this period , there is no risk of rabies, 
and vaccine, if already started, may be discontin- 
ued. This, of course, does not take into account 
the rare possibility of carrier state in dogs. 

In cases where vaccine is started with the biting 
animal kept under observation, an alternative 
recommendation is to stop treatment after five 
days. The animal is observed for a further five 
days, vaccine being started again if the animal 
becomes ill or dies during the period. 

The dosage of vaccine depends on the degre e, 
of risk To which the patient has been exposed. 
Accordingly patients are classified as follows: 


Class I: Patients in whom the risk is estimated to 

be slight. These include: 

a. Licks, including direct contact with saliva on 
ciefimtely remembered Tresn cuts or abra - 
sions on all parts of the body except the he ad, 
f ace, neck orfingersT - 

b. Licks on intact mucous membrane or co n- 
junctiyiu 

c. Bites or scratches which have raised the 
epi dermis but have not drawn blood, on al l 


d. Consumption of unboiled milk or handlin g 
raw flesh of rabid animals. 

Class II: Persons who are estimated to be at mod- 
erate risk. These include: , ‘ 

a . Licks on definitely remembered fresh cuts or 

abrasions on the fingers. '• 

b . All bites or scratches on the fingers which are 
not lacerated, not more than half centimetre 
longand have not penetrated the true skin. 

c. Biles or scratches on all parts of the body 
except the head, face, neck or fingers which 
have drawn blood, but excluding bites which 
have five teeth marks or more, or in which 
extensive laceration has occurred. 

Class 111 : Persons in whom the risk is estimated to 
be great. These include: 

a. Licks on definitely remembered fresh cuts or 
abrasions or head , face or neck. 

b. All bites ot scratches on the head, face or 
neck. 

c. All bites or scratches on the fingers which are 
lacerated, more than half centimetre long or 
have penetrated the true skin. 

d. All bites penetrating the true skirt and draw- 
ing blood, when there are five teeth marks or 
more. 

e. All bites on any part of the body causing 
extensive laceration. 

{. AU jackal and woM bites, 
g. Any Class II patient who has not received 
treatment within 14 days of exposure. 

The recommended schedule of vaccination for 
the different classes is as follows: , 

Semple vaccine BPL vaccine 

Class I 2 mix 7 days 2mlx7days 

Class II 5 mix 14 days 3mlxt0days 

ClassllI 10mlxl4days ,5mlx IOdays 

(The above ‘schedule for BPL vaccine is as 
recommended by the Pasteur Institute, Coonoor. 
The Central Research Institute, Kasauh, recom- 
mends a slightly different dosage for its vaccine. 
The manufacturer's instructions should be fol- 
lowed in every case.) 1,1 ' 
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The immunity , following vaccination iis 
expected to last for s ix months o nly and any expo- 
sure later should receive fresh treatment. The 
vaccine is administered subcutaneously on the 
anterior abdominal wall. , 

Antirabic vaccine may cause certain adverse 
reactions. These range from minor local reac- 
tions to serious neuroparalytic complications. 
The latter may be of the neuritic type, the dor- 
sol umba retype, the Landry ty pe of asc ending 
paral ysis or enc e phalomyelit is. The aetiology of 
neurological complication is believed to be 
immune response to the injected brain tissue 
resulting in organ specific immunological damage 
as in experimental allergic encephalomyelitis. 
These complications usually occur within_i^4 
weeks o f commencement' of vaccinat ion. The 
incidence of complications varies with different 
vaccines, one in 2000 to one in 12,000. When such 
complications are noticed during the course of 
vaccination, further vaccination should be with- 
held and the patient started on corticosteroids. If 
further vaccination is considered imperative, non- 
neural vaccine should be used. Severe exertion and 
the use of alcohol during vaccination have been 
said to increase the risk of neurological reactions. 

Cell culture vaccines : For persons at high risk of 
exposure to rabies infection, preexposure 
immunisation may be given by three intramuscu- 
lar doses of 1.0 ml on days 0,7, and 28. An alter- 
native method is to give 0.1 ml intradermally on 
days 0,7 and 28. 

.The dosage for postexposure treatment is 1.0 ml 
1M. on days 0 ,3.7,14 and 30. .w ith a booster dose 
on day 90. Int radcrma l 0.1 ml dose has also been 
reported as effective. IM injections are to be 
given in the deltoid, or in children on the 
anterolateral aspect of the thigh. Gluteal injec- 
tions are better avoided as they are suspected to 
be less immunogenic. 

In persons who have had preexposure immuni- 
sation and subsequently exposed to infection, 
three doses of vaccine on days 0,3 and 7 are 
adequate. Antirabies serum or globulin should 
not be given in such cases. 


Antirabic serum: This is prepared by hyperim- 
munisation of horses. This is a useful adjunct to 
vaccine in cases of severe bites and should be 
given as early as possible after exposure, and in 
any case within five days, after which it may not 
be beneficial. The dose recommended is 40 1U 
per kg bo dy weig ht. The usual precautions 
against hypersensitivity to horse serum should be 
taken. Human antirabies immunoglobulin has 
been prepared to avoid risk of hypersensitivity. 
Its recommended dose in lOIU/kq. S erum should 
not be given to persons who have had prior active 
immunisation. As administration of serum depres- 
ses the active immune response to some extent, it 
is necessary in such cases to give booster doses of 
the vaccine after the regular 14-day course is 
over. Booster injections are recommended 10,20 
and 90 days after the last daily dose of vaccine for 
neural vaccines and a single dose on day 90 for 
cell culture vaccine. 

It is not always easy to make a decision whether 
or not to administer antirabic vaccine in cases of 
doubtful exposure to infection. Local treatment 
should be applied promptly in all cases. Serum is 
reserved for the cases adjuged to be at high risk. 
As the neural vaccines available cany a real risk 
of serious complications, they should not be used 
indiscriminately, but only when, in the judge- 
ment of the physician, there is some risk of infec- 
tion. It is important to remember that while post- 
exposure treatment affords some protection 
against rabies, it is by no means absolute. There 
occur several cases of ‘vaccine failures’, where 
persons given a full course of vaccine develop 
rabies. Estimates of protection afforded by the 
vaccine have varied widely. Pasteur Institute, 
Coonoor, reported that among persons bitten by 
rabid dogs proved to be infective, the mortality 
rates in those who received the complete course 
of vaccine and those who did not were 3.5 per 
cent and 68 per cent, respectively. 

Vaccines for animals: N eura l vaccines arc 
unsatisfactory as they are nor adeq uately 
immunogenic, nced_muUipJe_dQSes and have to 
be repeate d even’ six month s. Flur y vacc ines 



528 


TEXTBOOK OF MICROBIOLOGY 


gave immunity for three yea rs, but were of uncer- 
tain efficacy as the viability of the vaccine virus at 
the time of administration could not be ensured. 
Cell culture vaccines containin g BPL inactivated 
v irus adsorbed on aluminium hydroxide at e now 
used for animal immunisation. They arc highly 
immunogenic after a single LO ml, 1M dose. 
Booster doses need be given only at 1 -3 tea rs 
intervals. The earliest age for vaccination of pups 
born to nonimmune mothers is one month and 
to those of immunised mothers three months. 
Rabies vaccines may be given separately or as 
combined multiple vaccines for immunisation 
against other common canine infections also. 

Treatment : Till recently, rabies was considered to 
be invariably fatal and no serious attempt at 
treatment was made, apart from sedation. It has 
now been demonstrated that complete recovery 
can occur from established rabies, with intensive 
supportive care and management of complica- 
tions. No specific antirabies agent is available. It 
has been suggested that in nonimmunised 
patients, administration of hyperimmune serum 
may be beneficial. Interferon has also been used 
in treatment. 

Human rabies is a dead end. Direct man to man 
transmission of rabies has not been recorded, 
though the virus is present in the saliva of 
patients. Therefore there is no danger in examin- 
ing or nursmg hydrophobia patients provided 
suitable precautions are taken. An unusual mode 
of transmission of rabies has occurred in some 
recipients of corneal grafts. The donors had died 
of unsuspected rabies and the infection was trans- 
mitted through the cornea. 

Epidemiology: Most cases of human rabies fol- 
low dog bites, but in endemic areas almost any 
animal can transmit rabies. In India, antirabic 
treatment is indicated following the bite of any 
animal except the rat. Where domestic rabies has 
been controlled, as in the USA, the majority of 
infections are due to bites by wild animals. 

The primary source of rabies virus in nature 
seems to be in the mustelids and viverrids, the 


ermine in the northern coniferous forests, the 
skunk, mink and weasel in North America, the 
mottled pole cat in the USSR, the civet and pole 
cat 'in Africa and the mongoose in Asia. Rabies 
virus has been isolated repeatedly from the brain 
and salivary glands of apparently healthy wild 
rodents. The virus survives in this reservoir popu- 
lation by achieving a state of latency with occa- 
sional activation such that only a small propor- 
tion of them will be shedding the virus at any one 
time. From the reservoir species, wild vectors 
such as foxes, wolves and jackals acquire the 
infection and occasionally epizootics occur in 
these species. A smouldering epizootic of rabies 
in the red fox in Europe has been spreading west- 
wards steadily from Poland to France during the 
last two decades. Carnivorous animats may 
acquire the infection by eating carcasses contain- 
ing the virus. From these species the disease 
spreads to dogs and other domestic animals. 

Another natural cycle of rabies concerns bats. 
A fatal paralytic disease of cattle and man W3S 
noticed in Trinidad in 1925. This was identified as 
rabies only years later when rabies virus was reco- 
vered from a human case mistaken for polio- 
myelitis. The disease was shown to be transmit- 
ted by vampire bats that sweep down on their 
prey at night. Vampire bat' rabies occurs in 
Mexico, Central and South America and takes a 
heavy toll of cattle. Vampire bats may shed rabies 
virus as symptomless carriers over a period of 
several months. 

Rabies occurs in insectivorous and frugivorous 
bats also. While in canines rabies is neurotropic, 
in bats the virus is primarily adapted to the 
respiratory tract. Man may be infected by 
aerosols if he enters caves where infected bats 
colonise. Pneumotropic rabies virus strains have 
been obtained from bats. Bat rabies is largely 
confined to the Americas. A few strains of rabies 
virus have been isolated from bats in Europe, but 
their epidemiological significance is not known. 

Rabies is endemic in India. It has been esti- 
mated that more than 15,000 people die of rabies 
in India every year and more than 700,000 receive 
antirabies vaccine. Human rabies ca n be checked 
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by control of rabies in domestic animals, by 
registration, licensing and vaccination of pets and 
destruction of stray animals. But rabies can be 
eliminated only if the wild vectors such as jackals 
and foxes, and the reservoir mustelids and viver- 
rids are controlled. Rabies has been eliminated 
from islands like Britain and Japan by rigid 
quarantine. Australia which has no native mus- 
telid or viverrid population has no rabies. Eradi- 
cation of rabies from countries like India with 
abundant wildlife may not be practicable. 

RABIES-RELATED VIRUSES 

Rabies virus was for long considered to be a 
uniquely distinct serological entity. This view has 
been challenged by the discovery of a number of 
viruses in Africa, which show varying degrees of 
antigenic relationship with rabies virus. Some of 
them have been associated with human disease. 
This introduces new problems concerning the 
transmission, diagnosis and prophylaxis of rabies. 
Rabies-related viruses include the Lagos bat 
virus, Nigerian horse virus, Mokola virus, 
Duvenhage virus, Obodhiang virus, Kotonkan 
vims, Oulo-fato virus, Bolivar virus and the 
Czechoslovakian rodent viruses. 

Lagos bat virus was isolated in 1956 from 
pooled brains of frugivorous bats from Lagos 
Island, Nigeria. It causes a rabies-like illness fol- 
lowing intracerebral inoculation. Negri bodies 
ltc found in infected monkey brain, but not in 
mice or dogs. 

Nigerian horse virus was isolated in 1958 in 

Further R fading 


Ibadan, Nigeria, from the brain of a horse that 
died of ‘staggers’, a rabies-like illness. 

Mokola virus was isolated in 1968 from shrews 
captured near Ibadan. Later, it was also reco- 
vered from two children with central nervous sys- 
tem disease, one of whom died. A case of labora- 
tory infectiqn with the virus occurred in a person 
possessing high" titre neutralising antibody to 
rabies virus. It resembles Lagos bat virus in 
pathogenicity. 

Duvenhage virus was isolated from the brain of 
a man who died in South Africa of clinical rabies 
after being bitten by a bat. A related virus has 
been reported in bats from Eastern Europe. 

Obodhiang and Kotonkan viruses were iso- 
lated from arthropods, from Mansonia mos- 
quitoes in Sudan’ and from culicoides midges in 
Ibadan, respectively. 

Oulo-fato is a mild paralytic disease of dogs in 
West Africa. The causative agent had been consi- 
dered to be rabies vims, but serological differ- 
ences have now been identified between them. 
Bolivar vims was isolated from cattle in Vene- 
zuela. Several strains of rabies-like viruses have 
been recovered from rodents in Czechoslovakia. 

These viruses show varying degrees of cross 
reaction with rabies vims in complement fixation 
and immunofluorescence tests, but appear to be 
distinct by neutralisation test. Some of them can 
cause human infection, which does not appear to 
be influenced by antibodies against rabies. If, in 
future, they are found to be more widespread and 
to cause human disease more frequently, the strategy 
of rabies prophylaxis may have to be revised. 
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Hepatitis Viruses 


The term ‘viral hepatitis' refers to a primary 
infection of the liver by hepatitis.virus type A or 
type B, or by other hepatitis yiruses as yet not 
characterised and referred to as *non-A: non-B’ 
hepatitis viruses. Hepatitis may occur inciden- 
tally during the course of infection with many 
other viruses, such as yellow fever, Lassa fever, 
Marburg, EB virus, cytomegalovirus, herpes 
simplex, rubella or coxsackievirus, but this is not 
included under the category of viral hepatitis. 

By epidemiological and clinical criteria, two 
types of viral hepatitis had been recognised. One 
type occurs either sporadically or in epidemics, 
affecting mainly children and young adults, and 
apparently transmitted by the faecal-oral route. 
This was called infective or infectious hepatitis. It 
is now known as type A hepatitis. A second type 
of viral hepatitis is transmitted mainly by inocula- 
tion, and was originally observed in persons 
'.tct.v*m| 1 ' a tr>i , rr l ; uit/c:u , iauOTiW! HAc/cd YransfcrAcm . 
This had been known by several names, such as 
homologous serum jaundice, or serum hepatitis. 
It is currently called type B hepatitis. 

For a time it was believed that all viral hepatitis 
was caused by either of the two hepatitis viruses, 
type A accounting for all infectious hepatitis and 
type B for all post transfusion or serum hepatitis. 
But with the development and application of 
techniques for the detection of infection with 
hepatitis type A and B viruses, it became appa- 
rent that in many cases of infectious hepatitis and 
post transfusion hepatitis, no evidence could be 
found of infection with either type A or type B 
hepatitis viruses. It therefore became evident 
that the clinical syndrome of type A or B hepatitis 


could be produced also by other uncharacterised 
viral agent or agents. The term ‘non-A: non-B’ 
hepatitis has been applied to this group. 

‘/type A HEPATITIS , 

, (Infectious Hepatitis) , . , ^ 

Hepatitis type A is a subacute disease of global 
distribution occurring^mainly in children and 
young adults. The virus enters the body by inges- 
tion and multiplies in the intestinal epithelium 
before it reaches the liver ( by haematogenous 
spread. It is shed in the faeces during the late 
incubation period and theprodromal phase of the 
illness, but only infrequently afterwards. Once 
jaundice develops, it is rarely detectable , in 
faeces. The virus is present in the blood fora brief 
period during the pre-icteric stage, but usually 
disappears when jaundice sets in. It may be occa- 
sinoalty present w. tte wiwi arvi saJ.wa~ , 

Clinical features: The incubation period is ,2-6 
weeks. The clinical disease consists of two 
stages, the prodromat or pre-icteric stage and the 
icteric stage/The onset may be acute or insidious 
with fever, malaise, anorexia, nausea, vomiting 
and liver tenderness. These usually subside with 
the onset of jaundice. Recovery is slow, over a 
period of 4-6 weeks. Occasional cases develop a 
rapidly fatal fulminant hepatitis. The disease is 
milder in children, in whom most infections are 
anicteric. Mortality is low, ranging from 0.1 to 1 
per cent, \Vith most of the deaths ’occurring in 
adults. - , j 
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Epidemiology : The disease is worldwide in dis- 
tribution. It_is more common in children and 
young adults. In temperate regions, it shows an 
autumn-winter predilection, but in tropics no 
seasonal distribution is evident. In India the dis- 
ease tends to be associated with periods of heavy 
rainfall. 

f Faecal virus constitutes the most important 
source of infection. Chronic intestinal carriage is 
extremely rare and carriers do not appear to be 
epidemiologically important. The virus is main- 
tained in nature by serial faecal-oral transfer, 
most commonly by person to person contact. 
Infection occurs readily under conditions of poor 
sanitation and overcrowding. Several food borne 
epidemics have been described in which the 
source has been attributed to virus shed by food 
handlers during the incubation period of the dis- 
ease. Ingestion of shell fish grown in polluted 
waters has also caused the disease. Water borne 
epidemics have been documented. The virus can 
be destroyed by adequate chlorination of water 
(total residual chlorine of one part per million 
and free residual chlorine of 0.4 ppm;, but chlori- 
nation may not be effective in the presence of 
organic pollution). 

Blood of patients in the viraemic phase is infec- 
tious and parenteral transmission may occur very 
rarely. But chronic viraemic carriers do not occur 
and parenteral transmission is of little epidemio- 
logical significance. Transplacental transfer of 
the virus has not been demonstrated. Instances 
have been recorded of transmission of the disease 
from chimpanzees to persons in contact with 
them. The animals are believed to have acquired 
the infection from man. There is no evidence to 
suggest any extrahuman source of the virus in 
nature. 

The epidemiology of type A hepatitis resem- 
bles that of poliomyelitis. In the developingcoun- 
tries, infection is acquired in childhood and by the 
age of ten, 90 per cent of the population possess 
antibody to the virus. In India, type A hepatitis is 
the most common cause of acute hepatitis in chil- 
dren, but is much less frequent in adults. In 
affluent countries, the incidence of the disease 


has been declining with an upward shift in the <ige 
group affected. 

Hepatitis A virus (HAV) 

In 1973, Feinstone and coworkers, using 
immunoelectronmicroscopy demonstrated this 
virus 'in the faeces of experimentally infected 
human volunteers. Experimental infection can 
be produced in chimpanzees and South Ameri- 
can marmoset monkeys. The virus is grown with 
difficulty in some human and simian cell cultures. 
The virus has been cloned. 

HAV is a 27 mm nonenveloped RNA virus 
belonging to the picomavirus family. It has been 
designated ‘enterovirus 72'. Only one serotype of 
the virus exists. 

The virus is relatively resistant to inactivation 
by heat at 60°C for one hour, ether and acid at 
pH 3, but inactivated by 1 :4000 formaldehyde at 
37 °C for 72 hours and by chlorine at 1 ppm for 30 
minutes. It is not affected by nonionic detergents. 
It stands prolonged storage at 4°C or colder temp- 
eratures. 

Laboratory diagnosis: Aetiological diagnosis of 
type A hepatitis is now possible by demonstration 
of the virus or its antibody, but the tests are avail- 
able only in a few specialised laboratories. The 
techniques employed are immune electron mic- 
roscopy, complement fixation, immune adher- 
ence, haemagglutination, radioimmunoassay and 
enzyme immunoassay. Virus can be demonstrated 
in faecal extracts during the late incubation 
period and preicteric stage, but seldom after 
jaundice develops. Antibodies appear early in 
the course of the disease. Rise in titre of 
antibodies may be demonstrated in paired sera. 
When this is not possible, detection of IgM anti- 
body in serum indicates recent infection. IgG 
antibody may indicate either recent or remote 
infection (Fig. 59.1). 

Prophylaxis : As the disease is transmitted by the 
faecal -oral route, general prophylaxis consists of 
improved sanitary practices and the prevention 



532 


TEXTBOOK Oh MICROHIOLOGY 


of faecal contamination of food and water. Pas- 
sive prophylaxis with human gamma globulin is 
effective. Normal pooled human immunoglobu- 
lin (16% solution in a dose of 0 02 to0.12 ml pe: 
kg body weight I.M) before exposure to the virus 
or in the early incubation period may prevent or 
attenuate a clinical illness, while not necessarily 
preventing virus excretion. One attack of the dis- 
ease is believed to confer immunity to the 
homologous infection, but not to type B or non 
A: non B hepatitis. As only one serotype of 
hepatitis A virus exists, it may be possible to 
develop a vaccine when suitable methods become 
availablc'for cultivation of the virus. 

TYPED HEPATITIS 
(Serum Hepatitis) 

Type B hepatitis was originally considered to be 
an unusual disease transmitted exclusively by the 
parenteral route, and by iatrogenic procedures 
such as blood transfusion or injection of scrum or 
other blood products. Its natural history has only 
recently become clear. It is now known to be 
transmitted also by many natural mechanisms 
that transfer minute quantities of blood or tissue 
fluid between persons. 

Clinical features • The incubation period is long, 
2-6 months, as against the shorter incubation 
period of type A hepatitis (2-6 weeks). The clini- 


cal disease is similar to type A hepatitis, but is 
usually more severe and protracted. The onset is 
insidious and fever is not prominent. Extrahepa- 
tic manifestations arc common. These consist 
mainly of rash, arthralgia, polyarteritis nodosa 
and glomerulonephritis and arc believed to result 
from antigen-antibody combination In vivo. 
Some patients progress to chronic active hepatitis 
and cirrhosis. Primary hepatocellular carcinoma 
has been shown to be a late consequence of HBV 
infection. The viral DNA is found integrated into 
the genome of malignant licpatocytes. The case 
fatality rate is from 0.5 to 2 per cent, but higher 
mortality has been observed in post transfusion 
hepatitis. 

epidemiology : The disease occurs throughout 
the world. .It has no seasonal distribution. The 
incidence is more in adults than in children and in 
urban than in rural areas. The virus is maintained 
in nature by chronic viracmic carriers, who arc 
estimated to number over 200 millions, some 
35 millions of whom are in India. About 5-I0per 
cent of infected persons become carriers. Persons 
possessing hepatitis B surface antigen in blood 
for more than six months arc known as chronic or 
persistent carriers. Subclinical infections are 
more likely to lead to chronic carriage than acute 
hepatitis. The reported prevalence of carriers in 
different populations varies very widely, from 0 I 
per cent in the advanced countries to 20 per cent 
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in the developing nations. Carrier rate is higher in 
tropical than in temperate regions, and in males 
than in females. Though acute and chronic infec- 
tion can be established experimentally in chim- 
panzees, no natural animal reservoir is known for 
the virus. 

Transmission is mainly by the percutaneous 
route. Besides blood transfusion, a number of 
therapeutic, prophylactic and diagnostic proce- 
dures can convey the infection. The virus is highly 
infectious and very minute amounts of some car- 
rier sera (as little as 0.00001 ml) can transmit the 
disease. Therefore, any procedure that can con- 
vey traces of blood or serum from one to another 
can serve to spread the infection. Tattooing, 
acupuncture, sharing of razors, sexual inter- 
course and even kissing can transmit the virus. 
Dentists and barbers may infect their clients. The 
disease is particularly common among drug 
addicts, prostitutes and male homosexuals. 
Mechanical transmission of virus by blood sucking 
insects has been suggested. While the virus has 
been demonstrated in wild caught mosquitoes and 
bed bugs, their role in transmission is not proved. 
Infection by ingestion has been suspected, but 
requires confirmation. Experimental infection by 
feeding is possible, but relatively large doses are 
needed. There are reports of the virus being pre- 
sent in various body fluids and excretions such as 
urine, saliva, milk, semen, bile and faeces. Trans”- 
placental transmission has been documented and 
congenital infection has been reported to be 
more common in the tropics. Transmission 
among members of a family appears to be due to 
shared articles. 

Certain groups and occupations carry a high 
risk of developing infection. These include medi- 
cal and paramedical personnel, staff of blood 
banks and haemodialysis units, laboratory work- 
ers and staff of institutions for the mentally 
retarded. 

Hepatitis B virus (HB V) 

In 1965, Blumberg and coworkers reported a pro- 
tein antigen in the serum of an Australian 


aborigine, which gave a clearly defined line of 
precipitation with sera from two haemophiliacs 
who had received multiple transfusions. This 
antigen was called Australia antigen. By 1968, the 
Australia antigen was shown to be associated 
with serum hepatitis. It was subsequently shown 
to be the surface component of hepatitis B virus 
(HBsAg). 

Examined under the electron microscope, sera 
from type B hepatitis patients show three types of 
particles (Fig. 59.2). The most abundant form is a 
spherical particle , approximately 22 nm in diame- 
ter. The second type of particle is tubular, with a 
diameter of 22 nm and of varying length. These 
two types of particles are antigenically identical. 
They represent the ‘Australia antigen* and are 
surface subunits of the hepatitis B virus, which 
are produced in great excess. The third type of 
particle, which is the least numerous, is a double 
shelled spherical structure, 42 nm in diameter. 
This particle is the complete hepatitis B virus. It 
was first described by Dane and his colleagues in 
1970 and was therefore known as the Dane parti- 
cle. The virion consists of a core of 27 nm diame- 
ter, with a 2 nm thick shell and an outer coat or 
envelope 7 nm thick. The core possesses icosahed- 



Fig 59 2. Different types of particles seen in hepatitis 
t>pe B serum. A. spherical 22 nm particle, B double- 
shelled 42 nm particle (Dane particle), C tubular 22 nm 
particle. 



534 


TEXTBOOK OF MICROBIOLOGY 


ral symmetry. Hepatitis B virus isa DNA virus con- 
taining double stranded DNA and a DNA depen- 
dent DNA polymerase. The inner core of the vir- 
ion is antigenically distinct from the outer 
envelope. The latter is serologically identical 
with the ‘Australia antigen’. (Fig. 59.3 and Fig. 
59.4) 

Hepatitis B virus has been classified within a 
new family of viruses called ‘Hepadnaviruses’ 
which includes the related viruses found in the 
ground squirrel, Woodchuck, prairie dog and 
Pekin duck. Hepadnaviruses can integrate with 
host cell DNA, leading to persistent infection or 
malignant transformation. 

A variety of names had been used to describe 
the different antigens and antibodies that charac- 
terise viral hepatitis. The terminology has been 
standardised and the terms used currently are 
given below. 


HAV 

Hepatitis A virus. 

anti-HAV 

Antibody to hepatitis A s irus. 

HBV 

Hepatitis B virus. A 42 nm 
double shelled virus, originally 
knowTi as the Dane particle. 

HBsAg 

Hepatitis B surface antigen. 

The antigen found on the 


surfaccofthe virus as well 
asonlhefrec22nm 
spherical and tubular 
particles seen in hepatitis B 


sera. Formerly known as 
Australiaantigen. 

HBcAg 

Hepatitis B core antigen, 
found on the 27 nm core of 
the sires. 

HBcAg i 

Hepatitis Be antigen 

, . 

associated with the core of the 


\ irus and also with infeetivity 
of carrier blood. 

anti-HBs 

Antibody to hepatitis B surface 
antigen. 

anti-HBc 

Antibody to hepatitis B core 
antigen. 

antt-HBe 

Antibody to hepatitis B c 
antigen. 


HBsAg exhibits antigenic diversity. It consists 
of at least three different antigenic components: a 
group specific antigen a and two pairs of type 
specific antigens rf-yand iv-r, only one member of 
each pair being present at a time. HBsAg can 
thus be divided into four major antigenic sub- 
types: adw, adr, ayw and ayr. A number of other 
antigenic subtypes have been described, based on 
complex permutations of these subdeterminants 
and their variants. Additional surface antigenic 
reactivities, such as and g have been 

identified, but they, have not been characterised 
as yet. 

HBsAg subtypes show a distinct geographical 
distribution. The subtype oywis predominant in a 
broad geographical zone extending from West 
Asia, through Iran and Pakistan to India. Sub- 
type adw is predominant in Europe and the 
Americas, while adr is prevalent in South East 
Asia and the Far East. Subtype ayr is extremely 
rare. 

Hepatitis B carriers : Based on serological mar- 
kers, hepatitis B carriers are classified into two 
categories. Those who have HBcAg in blood and 
are in the early stages of carrier state are very 
highly infectious. Very minute amounts of serum 
or blood from such carriers can transmit the 
infection. They have high titres of HBsAg and 



Fig 59 3 Electron micrograph of UBV *- Pooled Plasma 
(Total magnification 11,4000} 

(Courtesy: National Institute of Virology, Pune) 
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DNA polymerase in their blood and have mildly 
raised serum transaminase levels. HBV may be 
demonstrable in their blood. They are known as 
super carriers. Super carrier mothers very' com- 
monly infect their infants and such infants in turn 
become carriers. The term simple carrier is applied 
to the more common type of carrier who has no 
HBeAg and a low level of HBsAg in blood . HBV 
and DNA polymerase are absent. Simple carriers 
transmit the infection only when large volumes of 
blood or serum are transferred, as in blood trans- 
fusion. Simple carriers represent the later stages 
ofthecanierstate. 

Immune response: The immune response in 
hepatitis B involves three antigenic systems — 
HBs, HBc and HBe antigens. Both humoral and 
cellular responses occur during the infection. 

Antibody to HBsAg is associated with resis- 
tance to infection. Antibody to HBc is not protec- 
tive, but appears to be related to the amount and 
duration of replication of the virus. The highest 
litres of anti-HBc are found in persistent HBsAg 
carriers. Antibody to HBeAg is seen in sera of 
earners with low infectivity. The antibody 
response during the disease is not entirely benefi- 
cial to the host; it appears to contribute to 
pathogenicity, particularly in fulminant hepatitis. 
Circulating immune complexes are frequent and 
are believed to be responsible for the extrahepa- 
tic complications associated with the disease. 

Cell mediated immunity to the surface antigen 
as measured by leucocyte migration inhibition 
develops during the acute phase of the illness and 
disappears soon after recovery. It is negative in 
asymptomatic carriers. However, it persists in 
patients who progress to chronic active hepatitis. 
Cell mediated immunity may be involved in ter- 
minating the, .infection, and, under certain 
circumstances, in promoting hepatocellular dam- 
age and in the genesis of hepatic autoimmunity. 
A normalT cell function is considered to be a pre- 
requisite for the self-limited course of hepatitis, 
whereas a defective function or its absence may 
favour the development of chronic liver damage , 
and the asymptomatic carrier state, respectively. 


Laboratory methods for detection of hepatitis B 
antigens and antibodies: A variety of serological 
techniques are available for the detection of 
hepatitis B antigens and antibodies, which serve 
to diagnose acute and chronic infections with the 
virus, and its carrier state , . 



Fig 59.4 Hepatitis B vim structure. 


HBsAg is recognised as a specific marker for 
infection with the virus. It becomes detectable in 
circulation about a month after exposure to infec- 
tion and several weeks before elevation of trans- 
aminase levels and appearance of jaundice. Peak 
levels of HBsAg are seen in the pre-icteric phase 
of the disease. HBsAg disappears with recovery 
from clinical disease in most patients, but in a 
small proportion, it persists for years. These are 
the carriers. Antibody to HBsAg appears within 
weeks after the disappearance of HBsAg and 
persists _for years. Immunity to reinfection 
appears to be related to the presence of anti-HBs, 

HBeAg is not detectable in the serum of 
patients but can be demonstrated in liver cells by 
immunofluorescence. Antibody to the core anti-* 
gen usually appears in the pre-icteric phase and 
persists for months. 

A third system associated with type B hepatitis 
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is the e antigen and its antibody. HBeAg is a hid- 
den antigenic component of the virus core, prob- 
ably a monomeric form or breakdown product of 
I IBcAg. It appears in the serum at the same time 
as HBsAg, but in most cases it disappears within 
a few weeks. Its disappearance is followed by the 
appearance of anti-HBe in scrum. This lasts for 
several months. HBeAg is believed to corre- 
late with the number of viral particles and the 
degree of infcctivity of carrier sera. Sera contain- 
ing HBeAg are believed to be highly infectious 
and those with anti-HBe of little infectivity. The 
presence of HBeAg is also thought to be an 
adverse prognostic sign as regards the severity 
and comse of the disease. Immunodiffusion 
methods arc employed for the detection of 
HBeAg and its antibody. 

Viral DNA polymerase can be detected trans- 


iently in serum during the pre-icteric phase of the 
illness (Fig. 59.5). 

The methods used for the detection of hepatitis 
antigens and antibodies, listed according to their 
sensitivity are shown in Table 59.1. Serological 
examination helps in determining the stage of 
hepatitis B infection and its carrier state (Table 
59.2). 

Delta agent: In 1977 Italian workers identified a 
new antigen-delta in liver cells and blood of some 
HBsAg carriers. The delta agent is a defective 
virus that needs HB V as a helper for replication. 
Its genome consists 'of low molecular weight 
RNA. In blood it occurs as a 35-37 nm particle 
with the cental RNA core surrounded by an 
HBsAg envelope. Simultaneous infection with 
HBV and delta leads to biphasic hepatitis with 
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TABLE 59 1 . 

Methods for detection of HBsAg and anti lilts 

Scnsittv its 

Tests 

Low 

Immunodiffusion t 

Moderate 

Complement fixation 
Countcrimmiinoclcctrophorcsis - i . 
Reversed passive latex agglutination 

Passive hacmagglulination ( 

Immune adherence hacmagglulination 
Immune electron microscopy , 

High 

Radioimmunoassay 

Rjdioimmunoprccipitation 

Enzyme immunoassay 


measure is the screening for HBsAg and HBeAg 
in blood donors. This has become standard prat;, 
tice in well run blood banks. 

Passive immunisation may be employed fol- 
lowing any acute exposure to hepatitis B infec- 
tion. Human serum immune globulin has bee n 
found to give some degree of protection. Th c 
extent of protection would depend on the litre jjf 
anti-HBs in the preparation. It is preferable t 0 
use antihepatitis B immune globulin prepared 
from sera with high litres of anti-HBs. Though 
immunoglobulin preparations are expected to b e 
free from the risk of transmitting hepatitis Ij 
their use has, on occasions, caused outbreaks 
the disease. 

•ArA' w* immrmxffMw xajp btachfei evi' « fair iVe^ 
inactivated human carrier plasma as the source c,f 
TABLE 59 2 

Interpretation of serological tests in Hepatitis B 


two transaminase peaks separated by 2-3 weeks. 
Supcrinfection with delta in HBsAg carriers may 
lead to acute and progressive liver injury. Delta 
agent has been found worldwide. 

Prophylaxis. Apart from sporadic cases in the 
community, hepatitis B infection occurs mainly 
following blood transfusion, injection of blood 
products, unsterile invasive procedures, in drug 
addicts, in male homosexuals, in medical and 
laboratory personnel handling infected patients 
and blood, in inmates of dialysis units and mental 
hospitals and in infants of carrier mothers. Out- 
breaks have occurred in hospital personnel. Gen- 
eral preventive measures include health educa- 
Aisw. x'S pe.wvtf} .b/gwr.w awtf avat,* 

attention to sterility. An important preventive 


HBsAg 

HBeAg 

anti-HBs 

anti-HBc 

anti-HBe Inlcrpreiaiion 

+ 

+ 

' ~ ’ 

- 


Xate incubation period or early stage of 
hepatitis Highly infectious 

+ 

+ 


+ 

— 

Acute hepatitis; or super carrier. Highly 
infectious 

+ 

- 

- 

+ 

- 

Simple carrier; infectious 

+ 

~ 

~ 

+ 

+ 

Acute hepatitis later stage; or earner 
with low infectivitv 

~ 



-f 

+ 

Late con i alescenee * 
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HBsAg which is the protective antigen. In super 
carriers, 1 .0 ml of plasma may contain about one 
trillion HBsAg particles. After purification and 
concentration, any possible residual virus is kil- 
led with 1:4000 formaldehyde. This vaccine has 
alum as adjuvant. Field trials showed protection 
of over 90 per cent. The vaccine is now available 
for use in high risk groups. The recommended 
schedule is three doses of one ml given I.M., the 
second dose a month after the first, and the third 
six months later. The high cost and limited avail- 
ability are the only disadvantages. The vaccine is 
recommended for babies bom of HBsAg positive 
mothers, family and sexual contacts of carriers, 
patients and staff of haemodialysis units, staff of 
high risk places such as blood banks, serology 
laboratories and dental clinics, inmates and staff 
of mental hospitals, intravenous drug abusers, 
male homosexuals and prostitutes. 


By cloning the virus DNA in E, coli, yeast and 
vaccinia virus, a number of recombinant vaccines 
have been produced experimentally. Recombin- 
ant HBsAg vaccine produced in yeast induces 
good antibody response in human volunteers. 

NON A: NON 0 HEPATITIS 
(NANB hepatitis) 

The term refers to viral hepatitis resembling 
type A or type B clinically and epidemiologically 
but not caused by either of these viruses. This is 
not a single entity, but a group of distinct infec- 
tions by different agents. Epidemiologically at 
least three types have been recognised. 

The transfusion-associated type is seen in reci- 
pients of blood transfusion. In tire U.S.A. and other 
countries where effective screening of donors of 
HBsAg is practised, almost all post transfusion 
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TABLETS* 3) 

Comparison orfiepalitis types A and B 
Type A CC Type B 


S Incubation penod 
A Onset 

3 Fever less than 38°C 
U Extra-hepatic lesions 
S' Age incidence 

C Seasonal distribution 


2-6 weeks 
Usu ally acute 
tjsuaT 
Absent 
Children and 
y oung adul ts 
Autumn-winte r; 
Postmonsoo n loJndia 
Common 
"Present 
^Absent 
"aEscbL 
Common 
Few days 
Brief 

"Present early 
Absent. 

Oral, 

.27 nm 
RNA 

Sur vives 

inactivated 

Inactivated 


2-6 months 

"Insurious 

Rare 

-Eloque n t 
All ages: commoner 
in adults 

Al l the year round 

Rare 

Presen t 

Absent 

Present 

Rare 

Many weeks 

Prolonged 

Absent 

Present 

Parenteral 

42 nm 

DNA 

Survives 

Inactivated 

Inactivated 


** Secondary cases 
ft Homologous i mmuni ty-! 

° Heterologous immunity] 

•b ‘Australia antigen’ in blood 
” Raised serum IgM 

Raised scrum transaminase 
i ’ Viraemia 
Vitus in faeces. 

Chronic earners * 
ft Usual mode of infection 
» 7 - Virus size 
l<9 Virus nucleic acid 
^ Virus stability^-*- 
jl. Heat 60°C for 60 mins 
XJ 100“Cfor5mins. 

Formaldehyde 1:4000 
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hepatitis is of this type. The incubation period 
is about two , mon ths. The acute illness is mild 
and may last many months with fluctuations in 
serum transaminase levels. In some, the dis- 
ease becomes chronic and may progress to cirr- 
hosis. 

There is also another type related to repeate d 
administration of blood and blood products. The 
incubation period is only 1-2 wee ks. This has a 
high chronicity rate/ ~ 

The above two types of NANB hepatitis can be 
transmitted to chimpanzees and human volun- 
teers, but specific viruses and antigens have not 
been characterised. There is some evidence that 
one type may be caused by a retrovirus. 

The third type is transmitted by the fae cal-o ral 
route, either directly from person to person, or 
through water. This has been termed ‘enterically 
transmitted’ or ‘epidemic NANB (E NANB ). 
The disease resembles type A hepatitis. RareljMt 
may run a ful minant co urse, particularly in pre- 
gnant women. This is t he most comm onaype-of 




O' .s/ 

viral hepatitis in India, haring c aused Severa l 

monly affected than children in outbreaks. The 
mortality rate is low (0.1-1 per cent) but in pre- 
gnant women it may be much higher (10 -20 pe r 
cent). A 27 nm virus has been observed by IEM in 
faeces of patients in the early acute phase of the 
illness. The infection has been transmitted to 
human volunteers by feeding such faecal 
extracts. 

The largest recorded epidemic of viral he patiti s 
which occurred in De lhi in the winter of 1955-56 
involving over 30,000 cases within six weeks is 
now believed to have been of this type. The 
epidemic was caused by sewage contamination of 
the city water supply . The disea se is also preva- 
lent in South and South East Asia, North Africa 
and Mexico. 

Till their causative viruses or specific antigens , 
are characterised, the diagnosis of NANB hepati- 
tis rests on the exclusion of infection with type A 
and B viruses. 
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Miscellaneous Viruses 


PAPOVA VIRUSES 

The term ‘Papova’ is a sigla indicating the names 
of viruses included in this group: papilloma virus 
of man and rabbits, polyoma virus of mice and 
vacuolating virus of monkeys. 

They are small, nonenveloped, icosahedral vir- 
uses containing DNA. Almost all members of 
this group can cause tumours. Most of the natur- 
ally occurring papovavirus tumours are benign, 
but some such as rabbit papilloma are potentially 
malignant Polyoma and the vacuolating virus SV 40 
produce malignant tumours when inoculated into 
newborn mice or hamsters. These viruses have 
been widely employed in the study of viral 
oncogenesis. 

Polyoma virus often causes latent infection in 
laboratory mice. But when inoculated into new- 
born mice, it produces a wide variety of malig- 
nant tumours. Hence the name 'polyoma’. 

Simian vacuolating virus (SV 40) was isolated 
from uninoculatcd rhesus and cynomolgus mon- 
key kidney tissue cultures . The vi rus did not pro- 
duce any cytopathic effects in the original cul- 
tures, but when fluid from such cultures was 
inoculated into kidney cell cultures from other 
simian species (African green orgrivet monkey), 
cytopathic effects occurred, consisting of promi- 
nent cytoplasmic vacuolation. SV 40 is oncogenic 
in newborn hamsters. Its only medical impor- 
tance is that, because of its oncogenic potential, 
live viral vaccines should be manufactured only in 
monkey kidney tissue cultures tested and found 
free from S V40 infection . 

The common human disease produced by a 


papovavirus is papilloma or wart. Human papil- 
loma virus is host specific, infecting only man 
and growing only in organ cultures of human 
skin. Human warts (verruca vulgaris) usually 
occur in crops on localised areas of exposed skin. 

A special type of wart is condyloma acuminatum 
or genital wart which is a more moist, soft, 
pedunculated wart found on the external 
genitalia. This may be transmitted venereally and 
may occasionally turn malignant. Though warts 
in different sites may differ in their appearance, 
they are caused by the same virus, the morpho- 
logy being determined by the location. Warts arc 
transmitted by contact and may spread by scrat- 
ching or autoinoculation. Warts may be transmit- 
ted to human volunteers by intradermal inocula- 
tion of filtrates from lesions. Antibody (IgM) can 
be demonstrated in sera of patients by gel diffu- 
sion or virus agglutination, -but it does not seem to 
be related to regression of lesions. Most lesions 
regress spontaneously. 

Human papovaviruses have been isolated from 
a number of patients with impaired immunity. 
The JC virus was isolated in 1971 from the brain 
of a patient with Hodgkin’s disease and progres- 
sive multifocal leukoencephalopathy (PML). 
Isolation of similar strains from PML cases has 
been reported from the USA, England and 
France. JC virus grows only in human fetal glial 
cell cultures. It is oncogenic, producing malig- 
nant gliomas following intracerebral inoculation 
in newborn hamsters. 

Another human papovavirus is the BK virus, 
isolated in 1971 from the urine of a patient with 
kidney transplant. Several similar isolates have 
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been recovered from other kidney transplant 
patients. BK virus differs from JC virus in being 
able to grow in a wide range of primary and con- 
tinuous cell cultures. It is less oncogenic. Both JC 
and BK viruses agglutinate guinea pig and chi- 
cken erythrocytes. 

Antibodies to JC and BK viruses are present 
widely in human sera, being found in about 75 per 
cent of adults. It is believed that primary infec- 
tion with these papovaviruses occurs commonly 
in childhood. The brain and renal tract are the 
two sites where virus multiplication has been 
demonstrated. The infection is ordinarily asymp- 
tomatic, but the virus may remain latent. If the 
immune system is impaired in later life following 
disease or transplantation, the virus may be reac- 
tivated, leading to PMLor renal disease. 

An aetiological relationship has been estab- 
lished between cancer of the uterine cervix and 
human papilloma viruses types 1 6 and 1 8. 

PAR VOVIRUS 

These are very small (about 20 nm) viruses with a 
single stranded DNA genome. A parvovirus 
(B19) originally discovered in the blood of 
symptomless donors has, in 1983, been shown to 
be associated with aplastic crises in sickle cell and 
other haemolytic anaemias. The virus multiplies 
in the developing red cells of the bone marrow, 
destroying them and causing severe anaemia. 

Parvovirus B19 has also been reported to cause 
erythema infectiosum (the fifth disease) a moder- 
ately contagious disease of children characterised 
by erythematous rash first appearing on the 
cheeks (slapped cheek appearance). Animal par- 
vovirus infections frequently cause severe birth 
defects but there is no evidence of this in humans. 
Human infection with the virus is widely preva- 
lent and generally asymptomatic. 

RUBELLA 

Rubella or German measles is a mild exan- 
thematous fever characterised by transient macu- 
lar rash and lymphadenopathy. In itself, the dis- 


ease is trivial but rubella in the pregnant woman 
may lead to congenital malformations in the 
baby. The teratogenic property of rubella was 
discovered by an Australian ophthalmologist 
Gregg, who in 1941 observed a sudden increase in 
congenital cataract in infants and related it to 
maternal rubella. Observations from different 
countries soon confirmed that maternal rubella 
induces congenital malformations of different 
kinds, the commonest being the triad of cataract, 
deafness and cardiac defects. Though experimen- 
tal transmission of the disease to human volun- 
teers and monkeys was achieved, progress was 
hampered as the virus could not be cultivated. 
Rubella virus was isolated in tissue culture in 
1962, independently by two groups of workers 
(Weller and Neva; Parkman, Buescher and 
Artenstein). 

Properties of the virus: Rubella virus is a pleo- 
morphic, roughly spherical particle, 50-70 nm 
in diameter, surrounded by an envelope and 
containing RNA. It agglutinates goose, pigeon 
and day old chick erythrocytes at 4°C. Structur- 
ally and in its haemagglutinating property, rubella 
virus resembles togaviruses, but they are unre- 
lated serologically. Further the absence of any 
arthropod vector excludes rubella virus from the 
arbovirus group. Rubella virus has been clas- 
sified in the genus Rubivirus in the family ‘To- 
gaviridae’. 

The virus is inactivated by ether, chloroform, 
formaldehyde, beta propiolactone and desoxy- 
cholate. It is destroyed by heating at 56°C, but 
survives for several years at-60°C. 

Cultivation and host range: Virus growth in tis- 
sue culture can be detected, depending on the 
type of cells used, either by interference or by 
cytopathic effects. In African green monkey or 
patas monkey kidney, or HeLa cells, cytopathic 
effects are not observed and virus growth can be 
identified by interference, using a challenge virus 
such as echo 11. Focal cytopathic changes are 
produced in continuous’ cell lines derived from 
rabbit (RK 13) or hamster (BHK21) kidney. 
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Experimental infection can be produced in 
human volunteers and monkeys, A suitable 
experimental model for the teratogenic effects of 
rubella is the pregnant rabbit, in which the virus 
infects the fetus transplaccntally, leading to 
congenital malformations. 

Clinical features: Rubella is a relatively mild dis- 
ease. After an incubation period of 2-3 weeks 
generalised rash occurs, appearing first on the 
face and then spreading to the neck, trunk and 
extremities sparing the palms and soles. The rash 
is generally discrete and rarely coalesces and 
ordinarily disappears by the third day. There is 
nontendcr enlargement of posterior cervical 
glands — auricular, suboceipilal and cervical. 
KopliVs spots are absent unlike in measles. 
Catarrhal symptoms and mild fever may precede 
the rash. The disease occurs principally in chil- 
dren but may affect all ages. The major complica- 
tions are thrombocytopacnic purpura, meningo- 
encephalitis, arthralgia and arthritis, the latter 
two are commoner in women and with increasing 
age. Based on the results of in vitro studies, 
rubella infection is presumed to result in chromo- 
somal breakages and inhibition of mitoses in 
infected embryonic cells. 

Infection is acquired by inhalation. Virus can 
be recovered from the thro.it for about seven 
days before the rash. It has been recorded as 
early as thirteen days before the rash and is con- 
stantly present for five days after the rash. Vir- 
aemia has been demonstrated as early as the 
seventh day before the rash and ceases shortly 
after the appearance of the rash. Virus can also 
be demonstrated in the faeces and the urine. 
Patients with subchnical infection are infectious 
and also develop viraemia. Infection of the fetus 
js by the bloodstream . 

Fetal damage caused by maternal rubella is 
related to the stage of pregnancy. If rubella 
occurs in very early pregnancy, the fetus may 
die Congenital malformations are commonest 
during the first trimester. Later, the damage 
caused may be more subtle, in the form of com- 
munication defects or developmental retardation 


and may not be apparent till the child grows 
older. The commonest malformations caused by 
rubella are cardiac defects, cataract and deaf- 
ness. Multiple defects arc common. Several other 
features have been recognised in babies with con- 
genital rubella. These include hcpatosplenomc- 
galy, thrombocytopaenic purpura, myocarditis 
and bone lesions, and constitute the ‘expanded 
rubella syndrome’. 

Rubella virus is present in all excretions of con- 
genitally infected infants. About a third of them 
continue to shed virus for six months, and a few 
for a year. Virus may persist in tissues such as 
cataractous lenses for several years. Infected 
babies constitute an important source of infection 
to thd staff in nurseries. 

Laboratory diagnosis: Routine diagnosis of 
rubella is not called for, but laboratory confirma- 
tion becomes important when rubella is sus- 
pected in pregnant women. Diagnosis can be 
established by virus isolation or serology. Virus 
may be isolated from the blood during the early 
stage or more successfully from throat swabs. 
Rabbit kidney or vero cell cultures are inoculated 
and virus growth detected by interference or 
cytopathic changes. The virus grows better if 
cultures arc incubated at a lower temperature, 
33 0 -35 c C. Serological diagnosis depends upon 
testing paired sera by neutralisation, haemag- 
glutination inhibition, complement fixation or 
immunofluorescence tests. ELISA and radial 
immunohaemolysis are useful as screening 
tests. > 

In congenital rubella , the virus may be isolated 
from a variety of sources such as urine, throat 
swabs, leucocytes, bane marrow or cerebrospinal 
fluid. Serological diagnosis is made by demons- 
trating IgM antibodies. These indicate immune 
response in the fetus as against JgG, antibodies 
which may be passively transferred from the 
mother. Demonstration of IgM antibody is 
important also in pregnant women who develop 
exanthematous disease suspected to be rubella. 
Diagnosis of rubella in early pregnancy is an indi- 
catiori for therapeutic abortion. 
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Prophylaxis: Rubella infection confers lasting 
immunity as there is only one antigenic type of 
the virus.- Reinfections have, however, been 
reported. The disease being so mild, prophylaxis 
is directed only towards its teratogenic hazard 
and so relevant only in women of -child bearing 
age. An obvious method of protection is to 
acquire the infection before puberty. This was 
achieved by ‘rubella parties’, formerly practised 
in Australia, where adolescent girls voluntarily 
exposed themselves to known rubella cases. 

Live attenuated vaccines have been developed 
by serial passage of the virus in tissue culture. 
The vaccines in use now are RA 27/3 produced 
in human diplotd cell culture and the Cendehill 
vaccine attenuated in rabbit kidney culture. They 
are given subcutaneously. RA 27/3 vaccine 
induces antibody response when administered 
intranasally also, but it has not been licensed for 
use by this route. This vaccine may be given along 
with measles and mumps vaccines (MMR vac- 
cine). The vaccine is generally well tolerated, 
though minor reactions like lymphadenopathy, 
rash and arthralgia may sometime occur. It 
should not be given to immunodeficient subjects. 
Pregnancy is an absolute contraindication and 
should be avoided for three months after vaccina- 
tion. Passive immunisation is of limited value. 

Epidemiology: Rubella is worldwide in distribu- 
tion. Serological surveys in different countries 
have shown that 80-90 per cent are immune by the 
age of 15 years. About 10-20 percent of mothers 
are nonimmune and therefore vulnerable. 



The term ‘slow vims diseases' is applied to a 
group of infections in animals and man, charac- 
terised by a very long incubation period and a 
slow but relentless course, terminating fatally. 
The concept of ‘slow infection’ was originally 
proposed by Sigurdsson (1954), a veterinary 
pathologist for slowly progressing infections of 
sheep, such as scrapie, visna and maedi. The rec- 
ognition in recent years, that some chronic 


degenerative ^neurological diseases of man may 
have a similar pathogenesis, has led to considera- 
ble interest in this concept. 

Slow virus infections have the following charac- 
ters: 1) Incubation periods ranging from months 
to years, 2) course of illness lasting for months or 
years, with remissions and exacerbations, 3) pre- 
dilection for involvement of the central nervous 
system, 4) absence of immune response or an 
immune response that does not arrest the disease, 
but may actually contribute to pathogenesis. 
5) a genetic predisposition , and 6) invariable fatal 
termination. , 

Slow virus diseases may be classified into three 
groups: 

Group A consisting of slowly progressive infec- 
tions of sheep, caused by serologically related 
nononcogenic retroviruses called lentiviruses 
(from (L) lentus meaning slow), Group B com- 
prising four obscure infections of the CNS, 
scrapie, mink encephalopathy Kuru and 
Creutzfeldt-Jakob disease, collectively known as 
the ‘subacute spongiform viral encephalopathies' 
and Group C consisting of two unrelated CNS 
diseases of man, subacute sclerosing panence- 
phalitis and progressive multifocal leucoence- 
phaJopathy. . 

Group A: Visna, a derayelinattng disease of 
sheep was originally recognised in Iceland in 1935 
where it was eradicated in 1951 by slaughter of all 
affected animals.’ The disease has an incubation 
period of about two years. It has an insidious 
onset with pareses, progressing to total paralysis 
and death. The virus can be grown in sheep 
choroid plexus tissue cultures, from CSF, blood 
and saliva of affected animals. High levels of 
neutralising antibody can be detected in circula- 
tion, but they do not protect the host. It has been 
suggested that the CNS lesions may represent an 
immune disease, due to an antigen-antibody re- 
action on the surface of infected glial cells. 

Maedi (progressive pneumonia) is a slowly 
progressive fatal haemorrhagic pneumonia of 
fcheep, with an incubation period of 2-3 years. 
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1. South American haemorrhagic fevers: Two 
related viruses, the Junm and Machupo viruses 
cause the Argentinian and Bolivian haemorrhagic 
fevers, respectively. They belong to the Tacnribe 
group of arenaviruses. Rodents act as reservoirs 
and transmission is believed to occur through 
rodent excreta. 

2. Lassa fever: This is the most highly publi- 
cised of vir al haemorr hagic fevers and is caused 
by anothe( arenavirus . U was first noticed in 1969 
in an American Mission station in Lassa, Nigeria. 
Many outbreaks have subsequently occurred in 
widely separated foci in West Africa. The case 
fatality rate has been 35-70 per cent in hos- 
pitalised patients. Serological surveys indicate 
that Lassa virus is endemic widely in West Africa, 
causing asymptomatic infection in the native 
population. Natural reservoir is the multimam- 

s ource of infection - The incubation period is 3-1 6 
days. The virus is present in the throat, unne and 
blood of patients. Person to person transmission 
may occur by droplet infection. Nosocominl 
infection has occurred frequently. Ribavirin has 
proved useful in treatment. 

3. Marburg disease and Ebola fever: Marburg 
disease is a haemorrhagic fever that occurred 
simultaneously in laboratory workers in Mar- 
burg, Frankfurt (Germany) and Belgrade (Yugos- 
lavia) in 1967. The infection arose from tissues of 
African green monkeys to which the laboratory 
workers had been exposed. The monkeys had been 
recently imported from Uganda. Person to person 
transmission occurred. The primary cases had a fat- 
ility rate of 30 per cent, but the secondary cases 
were nonfatal. 

Marburg virus was isolated in guinea pigs and 
tissue culture from the blood and tissues of these 
patients. The virus appears to persist in the body 
and has been isolated after 80 days of onset of ill- 
ness from semen and the anterior chamber of the 
eye. A case of sexual transmission has been 
recorded. 

No further Marburg virus infection was seen 


except for three cases identified in South Africa 
in 1975 and in two in Kenya in 19S0. 

In 1976, several cases of haemorrhagic fever, 
similar to Marburg disease, occurred in the 
equatorial provinces of Sudan and Zaire, with 
high fatality. The causative virus was morpholog- 
ically identical to Marburg virus, but antigeni- 
cally distinct. It has been called Ebola virus. In 
1979 Ebola reemerged in the Sudan, with serial 
man to man spread. 

Marburg and Ebola viruses arc RNA viruses 
resembling rhabdoviruscs structurally, but more 
pleomorphic with long tubular forms. They have 
been provisionally assigned ton newfamily called 
Ftloviridae. The natural reservoir of Marburg 
and Ebola viruses is not known, but is presuma- 
bly some African rodent. 

4. Haemorrhagic fever with renal syndrome 
(HFRS): This disease, also known as epidemic 
haemorrhagic ncphrosonephritis and Tar East- 
ern or Korean haemorrhagic fever, has been 
known to Russian and Japanese workers for sev- 
eral decades. It attracted wide attention during 
the Korean war following infections among the 
United Nations troops. After an incubation 
period of two weeks, the illness begins abruptly 
with fever and proteinuria, followed by haemor- 
rhagic manifestations. The virus has been iso- 
lated from blood and urine of patients and from 
striped field mice which constitute the reservoir 
hosts. The virus, named Hantaan virus is a 
medium sized, enveloped, acid sensitive, RNA 
virus belonging to the family ‘Bunyav iridae’. The 
infection is believed to spread to man from 
rodent excreta. Person to person transmission 
docs not seem to occur. 

Infection with Hantaan virus and antigenically 
related viruses appear to be common jn many 
areas of Asia, Europe and America, producing 
haemorrhagic fever only very rarely, but more 
commonly causing renal damage. Because 
rodents act as reservoirs for these viruses, the 
name ‘muroid virus nephropathies* or ‘rodent - 
borne nephropathy’ has been suggested for this 
zoonosis. 
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CORONAVIRUSES 

A group of spherical or plcmorphic enveloped 
RNA viruses, carrying on their surface, petal or 
club shaped peplomers ha* been classified as 
coronaviruses. The name -*-rs to the fringe of 
surface projections surrounding the virus, 
resembling the solar corona. The group originally 
contained veterinary pathogens such as avian 
infectious bronchitis virus, mouse hepatitis virus 
and transmissible gastroenteritis virus of swine. 
Human coronaviruses were first isolated from 
cases of common cold by inoculating organ cul- 
tures of human embryonic trachea with 
nasopharyngeal washings. Inhibition of ciliary’ 
motility indicates virus growth. Though many 
strains grow only on organ cultures, some grow 
on monolayers of diploid human embryonic fib- 
roblasts, with minimal cytopathic effects. Many 
serotypes of human coronaviruses have been rec- 
ognised. Inoculation in human volunteers 
induces common cold after an incubation period 
of 2-5 days. The resulting immunity is poor and 
reinfections can occur even with the same 
serotype, Coronaviruses appear to be the second 
most common cause of common cold, particu- 
larly in winter, next only to rhinoviruses. 



Fig 60 I Rotavirus in stool x 200.000 (Courtesy: Naiional 
Institute ot Cholera and Enteric Disease. Calcutta. 
1 700010) , 


Coronaviruses are established causes of diar- 
rhoea in calves, piglets and dogs. Coronaviruses 
have been observed in human faeces also, some- 
time in large numbers, but their significance is 
not known. 

REOVJRIOAE 

The family Rcoviridae derives its name from the 
prototype virus which was known as the Respirat- 
ory Enteric Orphan virus, because it could be iso- 
lated frequently from the respiratory and enteric 
tracts, and it was considered an ‘orphan’ as its 
pathogenicity for man was not proven. Members 
of this family are double shelled tcosahedral vir- 
uses, 55-75 nm in diameter. The genome consists 
of double stranded RNA in 10—12 pieces, a feature 
unique among animal viruses. They are nonen- 
veloped and resistant to lipid solvents. The family 
contains three genera — Reovirus, Orbivirus and 
Rotavirus. 

Reovirus: The genus Reovirus contains three 
mammalian serotypes (Reovirus types 1,2 and 3) 
which possess a common complement fixing anti- 
gen, but can be differentiated by neutralisation 
tests. Reoviruses agglutinate human erythro- 
cytes. Hacmagglutination is type specific and is 
neutralised by the specific antibody. Reoviruses 
have not been proved to cause any human dis- 
ease. 

Orbivirus These have a double shell in which 
the outer layer is fuzzy and indistinct. The inner 
layer has 32 ring shaped capsomers. (The name 
Orbivirus is derived from Orbi, in Latin, meaning 
ring). Orbiviruses multiply in insects and verte- 
brates, thus qualifying as arboviruses. They are 
responsible for veterinary disease such as African 
horse sickness and blue tongue. The only known 
orbivirus infection of man is Colorado tick fever, 
a minor febrile illness. 

Rotaviruses: These double walled viruses pre- 
sent a characteristic appearance under the 
electron microscope, resembling little wheels with 
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short spokes radiating from a wide hub to a 
clearly defined outer rim. (The name is derived 
from Rota, in Latin, meaning wheel.) Both ’com- 
plete’ and ‘incomplete’ particles me seen. The 
complete virus measures about 65-70 nra in 
diameter and has a smooth surface. The ‘incom- 
plete’ virus is smaller, about 60 nm, with a rough 
surface and is believed to he rotavirus that has 
lost the outer shell. 

Bishop and colleagues (1973) in Melbourne 
reported rotaviruses in ultrathin sections of 
duodenal mucosal biopsies from acute infantile 
gastroenteritis, when examined under the elec- 
tron microscope. Soon after, Flcwctt and col- 
leagues in Birmingham also observed similar vir- 
uses in faecal extracts from infantile gastroen- 
teritis cases, by electron microscopy, using nega- 
tive staining techniques. These observations have 
been confirmed -and rotaviruses arc now recog- 
nised as the most common cause of diarrhocal 
disease in infants and children. 

The methods used for diagnosis were originally 
electron microscopy and immunodcctron mic- 
roscopy. These arc expensive and complicated 
procedures. Concentrations of more than Iff* par- 
ticles per ml arc necessary for the virus to be seen 
m faeces by electron microscopy. Serological 
techniques for demonstration of the virus in 
stools are simpler and as sensitive. Complement 
fixation, countcrimmunoeletrophorcsis, enzyme 
linked immunosorbent assay and radioim- 
munoassay arc used for this purpose. IgM and 
IgG antibodies can be demonstrated in the blood 
of infected children. Rotaviruses share a com- 
mon group antigen situated in the inner capsid 
layer. Human rotaviruses have been classified 
into two subgroups (I and II) by ELISA, CF or 
immune adherence agglutination, and into four 
serotypes (1, 2,3,4) by neutralisation tests. By 
polyacrylamide gel electrophoresis, rotavirus 
strains can be classified into several clectrophorc 
types, based on the patterns of migration of the 
viral RNA. 

Rotaviruses arc now known to be a class of vir- 
uses causing diarrhoea in the young of many ani- 
mals and some birds. The human rotavirus is 


related to the viruses of epidemic diarrhoea of 
infant mice (ED1M). Nebraska calf diarrhoea 
and the simian virus SA 1 1 . All rotaviruses share 
common antigens. Though the viruses arc in 
genera! species specific, intcrspccics infection 
can be induced experimentally. Human rotavirus 
infection has been transferred to piglets, calves 
and monkeys. It is not known whether human 
infection can be caused by animal rotaviruses. 

Human rotavirus docs not grow readily in cell 
cultures, but some strains have been adapted for 
serial growth in tissue cultures. Rotavirus growth 
is facilitated by trypsin treatment and rolling of 
tissue cultures. As calf and simian viruses grow 
readily in cell cultures, they have been used ns 
antigens for serological studies. 

Rotaviruses arc the commonest cause of diar- 
rhoea in infants and children the world over and 
account for about half the eases of children hos- 
pitalised for diarrhoea. It occurs throughout the 
year, but predominates in winter months, when 
the virus may be detected in some 75 percent of 
the patients. It sometimes produces large 
epidemics of diarrhoea m winter. Rotavirus diar- 
rhoea is usually seen in children below the age of 
five year,, but is most frequent between six and 24 
months of age. Infection is not infrequent in 
neonates, but they seldom develop diarrhoea, 
perhaps because of maternal passive immunity. 
By the age of five years, most children have hjd 
clinical or suhclinical infection, so that rotavirus 
diarrhoea is very uncommon in older children 
and adults. 

Infection is by the faecal-oral route. The incu- 
bation period is 2-3 days. Vomiting and diar- 
rhoea occur with little or no fever. Stools are usu- 
ally greenish yellow or white, with no blood or 
mucus. The disease is self-limited and recovery 
occurs within 5-IOdnys. Mortality is low. Rchyd- 
ration is all the treatment needed. 

OTHER VIRUSES CAUSING DIARRHOEA 

As bacterial and parasitic agents accounted only 
for about a quarter of all diarrhoea cases, viruses 
had for long been suspected as common causes of 
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diarrhoea! disease. EarJy attempts to identify viral 
agents in diarrhoea, using tissue culture methods 
were unrewarding. A numb ot enteroviruses and 
adenoviruses were incriminated in diarrhoea but the 
evidence against them remained inconclusive. 
Besides rotaviruses, the following viruses are 
known or suspected to cause diarrhoeal disease. 

Norwalk virus: A 27 nm virus was shown to be 
responsible for an epidemic gastroenteritis affect- 
ing school children and teachers in Norwalk, 
Ohio, in 1968. The virus induces diarrhoea in 
human volunteers. Serological surveys have 
shown that infection with Norwalk virus is wide- 
spread in many countries. Extensive epidemics 
of Norwalk virus diarrhoea associated with con- 
sumption of raw oysters have been reported from 
Australia and America. Norwalk virus appears 
to be an important cause of diarrhoea in adults 
and children. 

The virus can be demonstrated in faeces by 
electron microscopy. Antibody to the virus can be 
detected by immune electron microscopy and 
radioimmunoassay. It has not yet been propa- 
gated in cell cultures. Little is known about the 
properties of the virus. It has been included in the 
family Caliciviridae consisting of small round 
RN’A viruses, 22-30 nm in size. The name cal- 


icivirus is derived from the presence of 32 cup 
shaped depressions on the virus surface (from 
calyx, meaning cup). 

Adenovirus: Several outbreaks of diarrhoea in 
children have been associated with the presence 
of large numbers of adenoviruses in faeces. These 
adenoviruses can be grown only with difficulty in 
tissue culture. They have been designated types 40 
and 41. Adenovirus associated diarrhoea has 
been seen more often in summer months. 

Astrovirus: These star shaped, 28 nm isometric 
particles have been found associated with some 
epidemics of diarrhoea in children. Similar vir- 
uses have also been identified in lamb and calf 
diarrhoea. 

Coronavirus: These are well established causes 
of acute diarrhoea in calves, piglets and dogs. 
They have been observed in human faeces also 
but their relation to diarrhoea is uncertain. 

Calidviruses and a heterogeneous group of 
22-30 nm viruses (‘small round viruses’) have 
been reported as possible causative agents of 
diarrhoea , more in association with localised out- 
breaks than with sporadic disease. 
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Oncogenic Viruses 


The association of viruses with malignancy dates 
from the discovery by Elterman and Bang (1908) 
of the viral aetiology of fowl leukaemia. Rous 
(1911) showed that a solid malignant tumour, 
fowl sarcoma, was caused by a vims. Viruses caus- 
sing tumours in animals were first demonstrated 
by Shope. who isolated the rabbit fibroma virus 
in 1932 and papilloma virus in 1933. Though 
these are benign tumours, papillomas may turn 
malignant. Bittner (1936) proposed that breast 
canceT in mice could be caused by a virus trans- 
mitted from mother to offspring through breast 
milk. During the 1950s many viruses were iden- 
tified which induced leukaemia in rodents. Con- 
siderable interest was aroused by the discovery 
by Stewart and Eddy (1957) of the polyoma vims 
which could produce a wide variety of neoplasms 
when injected into newborn rodents Injection of 
certain types of human adenovirus into newborn 
hamsters was shown by Trentin (1962) to cause 
sarcomas. Burkitt (1963) identified .a peculiar 
geographical distribution of lymphomas in Afri- 
can children and suspected that it may be caused 
by a virus transmitted by an insect The Epstein- 
Barr virus isolated from Burkitt’s lymphoma has 
been proposed as the aetiologicai agent. Many 
viruses have been isolated from human cancer or 
demonstrated electron microscopically in affec- 
ted cells and tissues, but most of them were 
merely ‘passenger’ viruses present in the lesions 
and not the causative agents. 

Viruses that produce tumours in their natural 
hosts or in experimental animals, or induce 
malignant transformation of cells on culture, are 
known as oncogen ic viruses. Transformation rep- 


resents the various changes that accompany the 
conversion of a normal cell into the malignant cell 
(Table 61.1). Transformation is recognised 
primarily by a change in morphology of cultured 
cells. 

Transformed cells arc altered in shape and lose 
the property of ‘contact inhibition’ so that, 
instead of growing as monolay er , they grow piled 
up, one over another, forming ‘microtumours’. 
Foci of transformation can be easily made out 
and are used in the assay of oncogenic viruses, 
such as Rous sarcoma virus. t 

About a quarter of the 6p0o r so animal viruses 
possess oncogenic potcntiaP(TabIe 61.2). The 
viruses associated with cancers in humans arc 
shown in Table 61.3. Both RNA and DNA vir- 
uses are oncogenic. While all oncogenic RNA 
viruses (formerly called oncornaviruses) belong 
to a single family (retrovirus), oncogenic viruses 
occur among many genera of DNA viruses. 
Retroviruses are responsible for naturally occur- 
ring leukaemia and sarcoma in several species of 
animals. Among DNA viruses, some herpes vir- 
uses cause malignant tumours in their natural 
hosts. ,j 

Oncogenic RNA viruses > 

Retrovirus: All oncogenic R^A viruses belong 
to the fami(yxRetrovindae, the name being 
derived from the presence In the viruses, of the 
unusual enzyme, re verse transcrip tase which, is 
' RN A directed DNA polymeras e. Reverse trans- 
criptase prepares a DNA copy of the RNA 
genome of the virus. Th e DN A copy becomes 
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TABLE 61.1 

Properties of ceils transformed by viruses 


I. 

II. 

III. 

IV. 

V. 


Altered cell morphology: 

Fibroblasts become shorter, parallel orientation is lost, 
chromosomal aberrations appear^, 

Altered r-f II mpinhnlj^T 

In creased growth ra te, increased prod uct i o noforga n i caci ds 
and neid mucopoh saccharide s ^ 

Altered growth characteristic s: 

Loss of contact inhibition, formation of heaped-up growth (mic- 
rotumours), c apacity to divid e indefinitely in serial culture, capacity 
to grow in suspension or iiuemiSQljd agar. 

A ntigenic alterati ons: 

Appearance of new virus s pecifie d antigens ( T antigen — TSTA) 
Loss of surface antigens, cells become agglutinable by lectins 
Capacity to indupe tumours in susceptible ani mals 


TABLE 61 .2 

List of oncogenic viruses 


A. yRNA VIRUSES: 

v l. Retroviruses: 

t. Avian leukosi s viruses 

2. Munne leuko sis viruses 

3. Munne mamma ry tumour virus 

4. Leukosis-sarc orma viruses of various animals 

5. Human T cell leu kaemia virus 

B. DNA VIRUSES: 

I. Pa pova viru s: 

1 . Papillomaviruses of ma n, rabbits and other animals 

2. Polyomavirus y 

3. Simian virus 40 ^ 

4. BKandJCviruscjr 
11. Poxvirus: ^ 

1 . Molluscum conjagiosum 

2. Yaba virus / 

3. Shope fibronKf 
III Adenovirus/ ' 

Many human and nonhuman types 

IV. ' Herpesvirus ✓ 1 ' 

1 1. Marek’s disease vjrus v 

2. Ldcke’s frog tumour virus 

3. Herpes virus Saimiri/ 

4 Epstein-Barrvirusv' 

, 5. Herpes simplex virusj ypes I and 2 

fi. Cytomegalovirus^ , 

V. Hepatitis B virus ^ 
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TABLE61 3 

ruses associated vlth human cancer ^ 

Virus Human cancer 

Hcrpcsvinilac.&Bvinis *-£> Nasopharyngeal carcinoma. 

■;*> Burkin's lymphoma. B cell lymphoma 
HSV2 w-, Cervical carcinoma. 

Papovavirtdae y -■» U rogenital tumo urs. 

Papillomavirus^ Penil e, vulval, cervical cance rs- 

HcpadnavindacHBV Primary hepatoccllularcarcinoma. 

Reiroviridae HTL virus -» Adult Tcell leukaemia./- 

integrated into the DN A of the infected Jxost cell Mice can be infected by oral, subcutaneous or in- 
and it is from this D NA copy (prov irus) t hat al l traperitoneal routes. Mammary cancer occurs 
proteins of the virus are translated. Th e fam ily only in susceptible strains of mice, after a latent 
Retrov iridae is divide d into the subfamilie s: period of 6-12 months. 

/Jncovirinae containing all oncornaviruses; Len- 

Iiim, containing some nononcogenic viruses 4 Leukosis-sarcoma viruses of other animals- A 
causing slow virus infections; and spumivirinae number of viruses have been isolated from 
which contain the nononcogenic ‘foa my viruses' * leukosis and sarcomas in various species of 
causing asymptomatic infection in se veral spe cies animals — cat, hamster, rat, guinea pig and mon- 
of animals. key. Many of them have not been fully charac- 

Retroviruses are widespread in nature_jmd terised. 
cause leukosis or sarcoma in their hosts. Thevit- 

uses are usually transmitted vertically from 5. Human T cell leukaemia virus (HTLV): Re- 

parent to p rogeny (c ongenitally), and less oft en troviruses named human T celt leu kaemia viruses 

horizontally (po stnatally ). O ncogenic retroviru s- were isolated in 1981 from cel! culturesj£gm_ 
es are classifie'cTTnto five groups: adult patients with cutaneous T cell lym phoma 

J (£) ( mycosis fungoides ) and leukaemia (Sezar y syn- 

1. The avian leukosis complex: A group of anti- drom e) in the USA. Similar viruses have been 

gcmcally related viruses which induce avian isolated from patients with adult Tcell leukaemia 

leukosis (lymphomatosis, myeloblastosis and in Japan and the Caribbean Antibodies to HTLV 

erythroblastosis viruses) or sarcoma in fowls are found in many normal persons in endemic 

(Rous sarcoma virus RSV). areas (particularly in the South Western island of 

Kyushu in Japan), but not in other areas. Two 

2. Murine leukosis viruses This group consists serotypes of HTLV have been associated with 

of several strains of murine leukaemia and sar- leukaemia/lymphoma while HTLV type 111 (now 

coma viruses, named after the investigators who called HIV) causes acquired immunodeficiency 

first described them, e g.. Gross, Friend, syndrome ( AIDS ) where the virus is believed to 

Moloney, Rauschcr. infect and selectively destroy the helper T cells- 

3. Mammary tumour xyrus of mice: This virus Aforp/iotogy: Retroviruses are enveloped vir- 

occurs in certain strains of mice having a high uses that develop by budding through the host cell 

natural incidence of breast cancer. It used to be membrane. They are approximately 100 nm in 
known as the ‘milk factoT* or ‘Bittner virus*. It size. They contain single st rande d RNA with a 
multiplies in the mammary gland and is transmit- sedimentation coefficient of" 70S. Retroviruses 
ted from mother to offspring through breast milk, are classified into four types based on their mor- 

) 
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phology. Type A particles occur only intracellu- 
larly and consist of a ring shaped nucleoid sur- 
rounded by a membrane. They may represent 
noninfectious precursors of extracellular B type 
particles or may be distinct entities themselves. 

B type particles are larger (100-130 nm) with an 
eccentric nucleoid and carry spikes on the surface 
membrane. Type C particles have a centrally 
situated nucleoid and a smooth surface mem- 
brane. The D type particles have not been 
adequatlcy characterised. They occur as intracel- 
lular and extracellular forms, mature as well as 
immature. The mature particles contain an ec- 
centric nucleoid and carry short surface spikes. 
The m ouse mammary tumour virus is a B type 
particle. The M~ason- Pfizer monkey mammary 
car cinomavirus is a D tvpe_p articlc. All the other 
retroviruses listed above are Ctype particles. ' 

.Retroviruses are readily inactivated by heating 
(56°C for 30 mins), mild acid treatment and by 
formalin, they arc ether sensitive. They arc sta- 
ble at -30 a . 

Two types of antigens are present in re- 
troviruses; type specific antigens associated with 
the viral envelope and group specific antigens as- 
sociated with the nucleoprotein. 

Oncogenic D NA viruse s _ 

Papovaviruscs: Papilloma viruses cause henign 
tumours in their natural hosts, but some or them 
(e.g., c ondyloma acuminatum in man, rabbity 
papillonfa) may turn malignan t. There is evi- 
dence of association between human papilloma 
virus (HPV) infection and cance r of cervi x 
uteri, particularly HPV types 16 and IB. I n gen- 
eral, infectious virus particles cannot be de- 
monstrated in tumours induced by DNA viruses, 
but papilloma in the wild cotton-tail rabbit is an 
exception. Rabbit papilloma virus, or DNA ex- 
tracted from it, can produce papilloma in rabbits 
following subcutaneous injection. 

Polyoma virus causes natural latent infection in 
laboratory and domestic mice. But, when in- 
jected into infant mice or other rodents, it in- 
duces a wide variety of histologically diverse 


tumours. The virus can be cultivated in mouse 
embryo fibroblasts or baby hamster kidney cells, 
in which it induces transformation. Polyoma 
virus produces a haemagglutinin. 

Simian vi rus 4lt*(S V 40) was discovered in ap- 
parently normal monkey kidney cultures used for 
production of polio vacci ne. It causes an inappa- 
rent infection in rhesus and cynomolgus monkeys 
and does not cause cytopathic effec ts in cell cul- 
tures from such monkeys. But. when fluid from 
such cultures is inoculated into renal cell cultures 
derived from African green monkeys, cytopathic 
change with ’prominent cytoplasmic vacuolation 
results. Injection into newborn hamsters pro- 
duces tumours. Transformation is induced in cul- 
tured cells from several species, including human 
cells. Millions of doses of polio vaccine prepared 
in monkey kidney cultures that may have har- 
boured SV 40 virus had been used before the 
virus was discovered These individuals have 
been followed up for over 25 years and no SV 40 
related tumours have been reported. There was 


v-'i'-.v -s-nV. 





Fig 61 1 Mouse mammary cancer, section stained with uran\ I 
acetate and lead nitrate, showing mature budding B type 
virus (arrow) and immature intracellular A type virus (tn 
pie arrow) x 150.000 (Courtesy infrastructure division 
Cancer Research Jnsiitule, Bombay) 

considerable apprehension, when the o ncogen ic 
effect of SV 40 was discov ered. But there is no 
evidence iKaT injection ol vaccine containing 
SV 40 has induced cancer in man. 
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Poxvirus: Three members of the poxvirus group 
induce benign tumours, rabbit fibroma, moilus- 
cum contagiosum and the Y aba viru s. The latter 
causes naturally occurring b enign histio cyto- 
mas in monkeys. It is apparently transmitted 
by insects. Similar tumours can be induced 
experimentally in many species -of primates, 
including man. The tumours regress spontane- 
ously in a few weeks. Nonprimates arc insuscepti- 
ble. 

Adenovirus. Though some types ( 12.18.21) of 
human adenovirus may produce sarcomas in 
newborn rodents after experimental inoculation, 
they do not appear to have any association with 
human cancer. 

Herpesviru s' Many herpesviruses have been as- 
sociated with natural cancers in animals and man. 

a. Morck’s diseas e • Marck’s disease is a high ly 
fatal c ontagious neurolymphomatosi s of chi- 
ckens. No infectious virus particle can be isolated 
from the lesions or seen under the electron micro- 
scope But sick birds shed largp quantities of virus 
from their feather follicles. The virus is a typical 
herpes virus. Marek's disease can be induced in 
young chicken by injection of the virus. The virus 
grows well in chick embryo fibroblasts producing 
cyiopathic changes, but no evidence of transfor- 
mation. M arek’s disease can be pre vented by a 
live aviru lent vac cine. This is the first instance of 
a malignant disease being controlled by a viral 
vaccine 

b Lucke ’s tumour of froR s: A herpesvirus is con- 
sidered to be the aetiologies) agent of a renal 
adenocarcinoma in frogs. 

c Herpesvirus saimirr This virus was isolated 
from a culture of squirrel monkey kidney cells. It 
causes fatal lymphoma or reticulum cell sarcoma 
when injected into owl monkeys or rabbits. Her- 
pesvirus saimiri infection has been suggested as a 
primate model for the study of interactions bet- 
ween EB virus and man . 


d. Epstein- Barr virus: A herpesvirus, called the 
Epstcin-Barr virus, is found regularly in cultured 
lymphocytes from B urkitt’s lymphom a patients. 
In the body the tumour cells contain no virus but 
cell lines established from them almost always 
contain 5-20 per cent of cells that produce virus. 
The vir us multiplies only in human lymphoid ce ll 
lines. Serological surveys show that infection 
with the virus is worldwide. Infection is usually 
asymptomatic. In young adults without preexist- 
ing antibodies, EB virus infection induces Infecti- 
ous mononucleosis. Lymphoma is believed t o 
occur when the i nfection take s place in chi ldren 
whose immune system in compromised, as for in- 
stance, by c hronic malaria. EB virus associated 
lymphomas have been reported in transplant re- 
cipients. EBV has also been linked to nas o- 
pharyngeal carcinoma in the CMnesemalc popu- 
lation in South East Asia and East Africa. 

e. Herpes simplex and cancer cervix: A strong as-, 
sociation has been reported between herpes 
simplex t ype_2 in fection and c ancer of the u terine 

’cervix.' A higher incidence of antibody to the 
virus has been demonstrated in women with cer- 
vical cancer than in c ontro ls. The virus has been 
isolated more often from the genital tract of 
cancer patients than from controls. Though cir- 
cumstantial evidence has been gathered, aelif>- 
l oeical relationship hnsj o t been prove d. 

It has also been suggested that herpes simplex 

•H ype 1 infec tion may be associated with cancer of 
the hjy 

f. C yipmcjgw/pi i rus infection has been suggested 
to be associated with carcinoma of the'prostatc 
and Kaposi's sarcoma. 

Hepatiti s B viru s: HBV has been claimed to be di- 
rectly or indirectly involved in the aetiology of 
hepa tocellular carcinom a. Studies in many coun- 
tries have demonstrated an excess prevalence of 
markers of HBV infection in patients ’with 
primary hepatocellular carcinoma as compared 
with matched controls or with the general popu- 
lation. 
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MECHANISMS OF VIRAL ONCOGENESIS 

While il is known that oncogenic viruses arc able 
to cause transformation of cells in culture and in- 
duce tumours in animals, under natural or experi- 
mental conditions, the exact mechanisms of viral 
oncogenesis arc obscure. Malignancy is a stable 
heritable change and, as such, should be the re- 
sult of a modification of the host cell genome. 

In the case of o ncogenic DNA viru ses, the viral 
DNA (or a portion of it) is integrated with the 
host cell genome. The viral DNA being incom- 
plete or ‘defective’, no infectious virus is pro- 
duced. But under its influence, the host cell un- 
dergoes malignant transformation. A virus trans- 
formed cancer cell is in many ways analogous to a 
bacterium lysogenised by a defective phage. In 
both cases, the cell is not destroyed and no virus is 
produced. Acquisition of new characters by the 
transformed cell resembles lysogenic conversion 
in bacteria. 

In the case of oncogenic retroviruses, th e viral 
RNA is first converted into an RNA:DNA hyb- 
rid. This is due to the action of the unusual en- 
zyme RNA directed DNA polymerase (reverse 
transcriptase) which is characteristic of all re- 
troviruses. The RNA:DNA hybrid is in turn con- 
verted into the double stranded DNA form by 
DNA directed DNA polymerase. This double 


•stranded DNA version of the retrovirus genome 
is called provinu and is integrated into the host 
cell genome. The integrated provirus acts as a 
template for viral RNA synthesis and also in- 
duces cell transformation. 

The transforming ability of retroviruses is due 
to specific genes carried by them. Genes that are 
responsible for the induction of tumours are cal- 
led oncogenes (commonly referred to as cancer 
genes). Oncogenes are not essential for the replica- 
tion of retroviruses, and mutants occur that lack 
oncogenes. Such mutants can replicate normally 
hut arc incapable of transforming cells or induc- 
ing tumours. For example, Rous sarcoma virus 
(RSV) carries the oncogene sre, which is respon- 
sible for its transforming and tumour producing 
capacity. RSV mutants lacking sre replicate nor- 
mally, but are not oncogenic. 

The oncogenes present in retroviruses are cal- 
led viral oncogene s _ (V-onc ). Genes with sequ- 
ences similar to retroviral oncogenes exist in host 
cells also, not only in tumour cells but also in nor- 
mal cells of man, animals and birds. These genes 
are called cellular oncogene s (C-onc ). Cellular 
oncogenes are not of viral origin. On the con- 
trary, it has been established that viral oncogenes 
are in fact of host cell origin. Cellular oncogenes 
are widespread in vertebrates and are well con- 
served at constant sites in their genomes. They 


TABLE 61.4 

Oncogenes * and their chromosomal location in man 


Viral 

oncogene 

Origin 

Natural 

tumour 

Human 

gene 

Chromosomal 
location in man 

V-src 

chicken 

sarcoma 

C -sre 

20 

V-ros 

rat 

sarcoma 

C-ras 

11 

V-myc. 

chicken 

leukaemia 

C-myc 

8 

V-/M 

cat 

sarcoma 

C-fcs 

15 

V-sis 

monkey 

sarcoma 

C'Sis 

22 

V-mos 

mouse 

sarcoma 

C-nios 

8 


(* Oncogenes are given 3-letter codes from the animal or tumour from 
which they are derived, preceded by either V-or C-, for viral or cellular 
genes respectively; sre = sarcoma of chicken, ras = rat sarcoma, tnyc = 
myelomatosis of chicken, fes = feline sarcoma, sis = simian sarcoma, mos 
— mouse sarcoma.). 
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contain introns characteristic of eukaryotic 
genes. It is believed that retroviruses may have 
picked up these oncogenes from host cells during 
infection at some remote time during evolution 
(Tabic 61.4). 

Cellular oncogenes arc believed to have some 
important controlling function on cell growth and 
regulation. Some viral oncogenes also code for 
substances that influence cell growth and regula- 
tion. For example, V-src oncogene of RSV codes 
for a phosphoprotem, a phosphokmase which 
phosphorylates tyrosine. This phosphoprotcin 
appears to be concentrated along the plasma 
membranes of infected celts and in adhesion 
plaques which anchor cells to surfaces, indicat- 
ing that it may influence cell growth and replica- 
tion. 

One of the methods for studying oncogenes is 
by transfection. Certain mouse fibroblast cell 
lines (e.g., NIH 3T3) can take up foreign DNA, 
incorporate them into their genome and express 


them. Thi* method of gene transfer is called 
transfection. By this technique, DNA extracted 
from human tumour cells has been shown to 
transform 3T3 cells, and such transforming genes 
have been shown to be identical with cellular on- 
cogenes 

Not all oncogenic retroviruses contain onco- 
genes. Some such as avian leukosis virus initiate 
oncogenesis by activating host cell oncogenes 
(oncogenesis by promoter insertion). 

Cancer is not one disease and not all cancers 
may have the same cause. It is possible that the 
various theories of the origin of cancer — viruses, 
chemicals, environmental factors, heredity, im- 
munological factors, etc. — may all be true in 
parts. They are not mutually exclusive. As a un- 
ified theory of oncogenesis, it has been suggested 
that cancer results when cellular oncogenes over- 
act following infection with oncogenic viruses, or 
when their expression is modified by the effects 
of other carcinogens. 
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Human Immunodeficiency 
Virus: AIDS 


The emergence and pandemic spread of the ac- 
quired immunodeficiency syndrome (AIDS) con- 
stitute the greatest challenge to public health in 
modern times. After the sudden appearance of 
syphilis in Europe five hundred years ago, rarely 
has any new disease had as great an impact on 
medicine, science and society and caused as much 
pjnic among the public and governments as has 
AIDS. The full consequence of this phenomenon 
may not be evident for several years because of 
the silent spread and slow evolution of this infec- 
tion, but it is truly global in its magnitude and is 
unlikely to spare any continent, nation, race or 
political system. 

The first indication of this new syndrome 
began in the sum mer of 1981, when reports came 
from New York and Califor nia (USA ) of a sud- 
den increase in the incidence of two very rare dis- 
eases — Kaposi’s sarcoma and /’neuinocystis 
cariui t pneumonia in young adults who were 
homosexuals or addicted to heroin or other in- 
jected narcotics. They appeared to have lost their 
immune competence, rendering them vulnerable 
to overwhelming and fata! infections with rela- 
tively avirulent microorganisms, as well as to 
lymphoid and other malignancies. This condition 
was given the name * Acquired Immune Defi- 
ciency Syndrome’ (AIDS). 

Subsequently the syndrome was also found in 
Haitian immigrants on the east coast of USA and 
in some haemophiliacs who had received Factor 
VIII injections. Cases were also observed in 
some recipients of blood transfusion, in sexual 
partners of patients and in babies bom to infected 
women. AIDS was therefore recognised to be 


t ransmitted by sexual contac t or by transfer of 
blood o r o ther body fluid s. With the rapid in- 
crease in the numbers of patients detected in the 
USA and reports of similar cases from other 
countries, alarm about AIDS mounted and <j| S . 

' covery of its causative agent assumed the highest 
priority. 

Isolation of th e aetiological agen t was first re- 
ported in 1983 b vX'uc Montagnierand colleagues 
from the' Pasteur Institute, Paris. They isolated a 
retrovirus from a West African patient with per- 
sistent generalised lymphadenopathy, which i s a 
manifestation of AIDS, and called i L-4 «k 
\SphadcnopaUiy~Associated-Vinis-fLAV). It pro- 
duced lytic infection in fresh peripheral blood 
lymphocytes, but could not be established in per- 
manent cell lines I n 1984. Robert Gallo and col- 
leagues from the National Institute of Health. 
USA reported isolation of a retrovirus from 
AIDS patients and called it ‘Huma n T cell L\ m- 
pholropic Virus - III or HTLV-I11. Retroviruses r 
HLTV-1 and ILh ad already been described ear- 
lier in association wit h human T cell leukaemi a-* 
HT LV-HI coul d be grown in continuous cufture 
in T cell leukaemia cell line, yielding sufficient 
antigen for serological tests. Other similar isolates 
were reported from AIDS cases und er different 
names such as AIDS-Relat ed Virus (AR V) etc. 
Serological analysis and molecular cloning estab- 
lished the common origin of these viruses in- 
spite of varying degrees of antigenic differences 
between isolates which had been given different 
names earl ier. To resolve this nomenclatural con- 
fusion, the International Committee on Virus 
Nomenclature in 1986 d ecided on the generic 
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but they indicate the dimension of the problem 
which is bound to enlarge with each succeeding 
year. 


name 'Human Immunodeficiency Virus (HIV) * 
for these viruses. 

In 1984 . ths-St a&scroIogical les& became avail- 
able for detection of anti-HIV^antibodies. This 
made possible a more realistic estimation of the 
extent of HIV infection. Till then, the infection 
could be recognised only when patients dc- HIV, the aetiological agent of AIDS, belongs to 
vetoped. (.he cbwacLwslic , clinical, features s uch the ^entivirus subgroup bf‘ the family Rc- 
as opportunistic infections or mali gnancie s. * L roviridne. The Le n I jvirus su bgrou pTFrom L .ten- 


HUMAN IMMUNOUF.nCIFNCY VIRUS (HIV) 


These end stage cases represented only the tip of 
the iceberg. Serological screening of high risk 
groups, blood donors and others revealed n very 
large and expanding reservoirof HIV in patients 
and carriers in different parts of the world. It has 


slow) includes the causative agents of the 
slow virus diseases, visna/maedi in sheep, ar- 
thrilis/enccphahlis in goats and infectious 
anaemia in horses. Besides HIV. the related ani- 
mal immunodeficiency viruses also are assigned 


been stated that somewhere In the world, jvncJ^othisgroup {Table 62.1) 


the end of 198S over 10 million pe rson s are be : Structure 
lieved to have been infected by HIV Some m 

1 ^150.000 o f them, in 142 c ountries representing HIV is i^mixdntmbirus. 9 0-120 nni inpiamcter 
^all continents' have develop ed clinical AIDS. (Fig. 62 1). Ulus a micleoprotcin core containing 
These figures are bound to be undcrestimations. single stranded RNA genome and proteins. Inas- 


TARLE 62 I 
Taxonomy of HIV 


Retroviruses 

- RNA viruses with reverse iransenntase + 
enz> me. Classified jnto3 subgroups. 

1 Spumavi ruses 

- Tpamy viruses' found in primarv cell 
cultures. Not associated with disease. 

11 Oncoviruses 

- RNA tumour viruses. Classified hvelcctroa 
microscopic morphology into 

A-type (immature! . B-tvnc (mammary 
tumour viruses), C-tvpe (leukaemia viruses 
including HTLV-t ) and D-ivpc (Mason- 
Pfizer monkey virus) form 

III Lentiv tmses 

, /*\. Causing degenerate e neural 
disease in nmmals .# 

1 Visna/maedi m sheep 


2 Caprine arthriiis/enccphahns m goals. 

3 Bovine Icnli virus. , 

B Causine immunodeficiency 

I Human Immunodeficiency. Virus * . 
HlVtype 1. type 2. 

2. Mmian immunodeficiency Virus 

(SIV) causing simian AIDS 11 

3. Feline Tlymphotropic Virus f ' • 1 

^(FTLV) causing feline AIDS 
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non-structur ak act as antigens (' Table 62.2). Set a 
of infected persons contain antibodies to them. 
Detection of these antigens and antibodies is of 
great.valde in the diagnosis and prognosis of HIV 
infections. 

A, Genes coding for structural proteins 

1. The gag gene determines the core and sheli of 
the virus. It is expressed as a precursor pro- 
tein.jtfS^O'hc piQtejnsjmd-gl^xoproteins are 

. tons. ) This precursor protemjs cleaved into 
three proteins, pl5, pi 8 an(/p24i yhich ma ke 
up the viral c ore and shell . TWmajor core a n- 
SS tigen i /p24V hich can -be detected in serum 
^ duri ng m^earlv stages of HIV infection befo re 
antibo dies, appear. L ate in the course of infec- 
tion, disappearance of free anti-n24 antibod y 
from.circulation points to exacerbation of the 
illness and k ap indic ation for active antivira l 
treatments 

2. Th e eny d etermines the ^ynthesis of envelope 
^ S^vprMeirLgpjf&Q, which is cleaved into lJ?e 

two envelope co mponen ts — g p 120 which 
forms the surfa ce spik e s and ^ p 4 L which is the 
transmembrane anchoring protem. The spike 
glycoprotein gpl20 is the majop en velope anti- f 
J*/ gen, an d antibodies to er420 are the first Jo 

3. Th e pol gene cod es for the polymers se_revgrs ft 


<tcanscrfptase and other viral e nzymes, ft is e x- 
presse d as a precursor p rotejnjplO(Kwhich i s 
cleaved into p_roteins p31 . p 5 l and p64. 

Non-st rue tural and regulatory genes 

1. T he tat ge ne, a trans actiyating fac tor enhanc- 
ing viral pro tein synthesis .; r * • 

2. Tbe_ qri-ian turepressor transactivating)_g£ne 
promoting viral mENA-translation^ 

3. Tw o LTR /long terminal repeat) genes that 
contain, sequences givingpromotor, enhancer 
and integration signals. 

4. TheJ' nrf (open rea ding fram e) gene exerting 
a regulatory effect reducing viral replication. 

5 _The xnr f^nrt open rearttnp frame) gene en- 
coding a poorly immunogenic protein found in 
the cytoplasm of infected cells. 

Antigenic variation 

HIV undergoes frequent anti genic varia tions in- 
volving both core and envelop e antigens. Minor 
antigenic differences are common between Iso- 
lates from differenl patients, as well as from the 
same patient. 

Two distinct antigenic types of HIV have been 
identified. HIV-I represents the original isolate 
(LAV/HlT-V-lliy^ and related isolates from 
America, Europe and other Western countries. 
HIV-2 represents isolates first obtained in 1985 


Mj^i 


TABLE 62.2 
Major antigens of HIV 


*)fcO 


Envelope antigens: 

()U Spike antigen -gp 120 1 

(Principal envelope antigCn) ^ 

2. Transmembrane pedicle protein -gp4t . v 
Shell antigen 

1. Nucleocapsid protein - pi 8,, 

Core antigens: , 

t^- Principal core antigen - p24 <- . 

2. Other core antigens - P t£p55, < 

Polymerase antigens- p3l,p51,p64 
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VPRREV REV 



GAG VIF TAT VP U TAT NEF 





Fig. 62 2 Genetic structure of HIV. The nine genes identified so far which are ananged along the Viral DNA (individual 
genes shown by striped rectangles). They are flanked by long terminal repeats (LTR’s). LTR's initiate expression of other 
viral genes but do not code for any protein (LTR shown as stippled rectangles). 


GENE (Former names) 


Function 


GENE (Former names) 


Function 


GAG 

POL 

ENV 

,-TAT (TAT-3.TA) 


CoreProteins VIF(SOR, AP'.Q) 
Enzymes VPR (R) 

Envelope protein VPU 

Pos itive re gulator NEF(3*ORF.B,E’,F) 


Infectivity factor 
not known 
not known 
Negative regulator 


from West Africa which are only weakly reactive 
wjih HIV-1 antisera. Variations occur within 
HIV-1 and 2 types. It is likely that more HIV 
types may be identified. 

Cell tropism 

The receptors for the surface spike proteins of 
HIV is the CD4 a ntigen and hence the virus may 
infect all cells bearing CD4. These are principally 
the T4 (helper/inducer) thejymphocytes in which 
the virus induces a lytic infectio n. Some other im- 
mune cells also possess CDu on the surface and so 
are susceptible to infection. Thus a bout 5-10 pe r 
ce nt of B lymp hocytes and 10-20 per cent of 
^ monocytes and macropha ges^ including 
specialised macrophages such as alveolar mac- 
rophages i n lung s and Langerhan s cells in the der- 
mis are susceptible. Glial cells and microglia in 
the central nervous system are also found in- 
fected. 


Resistance 

HIV is not a hardy virus. It isihe rmolgbile , being 
inactivated in 30 minutes aL56!£I and inTess than 
a second at, lO O’CT' At roo m tem perature 
(2 0 o -25°C ). it may survive for about seven day s. ' 
* *It withstands lynp hilisarinnl The virus can be in- 
activatecTby heating^yophilise d Fac to r VIII at £ 
68°C for 72 hours a nd liq uid plasma at fjQ°Cipr 10_ 
hours. 

H1V jssuscepj ibleJocommond isinfectanj s. — 
70% ethanol, 35 % isopropy Falcohol, 5% f or- 
maldehyde^ 3 % hydroge n peroxide, 0.5% lysoJ, 
2.5%~T ween — 20. Standard washing procedures 
.with detergents and hoi water are adequate for^ 
decontaminating clothes and household utensils. 
Bleaching powder or household bleac h (0.2% 
sodium hypochlorite ) is effective for surfacFtfe- 
contamination . For treatment of pontaminatcd 

medical Jnslruments . ^ Q l utlon SL plutar al - (% 

dghydgjj use ful-. ” ' 
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Animalimmunodefi dency viruses 


Infection is transmitted when the virus enters 
the blood or tissues of a person and comes into 
A number of lymphotropic lentiviruses resembl- contact with a suitable host cell — 'principally the 
ing HIV have been isolated from animals. A dis- ' T 4 lymphocytes. Infection Is likelv lo result m ore 
ease resembling AIDS in macaque monkeys (si* often f ollowing the introduHion jof HI V infect ed 
mian AIDS or SAIDS) is caused by a retrovirus cells_ (as iiTblood Transfusion or sexual contact) 
which has been named ‘Simian Immunodefi- than of cell-free virus (as in injection of blood 
ciency Virus or SI V’. SI V causes n atural infectio n products). 

in ma npabeys , vervets and A frican green mon - A double stranded DNA transcript of the vira l 
keys, but t he infection is asy m ptomatic in th ese ^. DNA is i ntegrated into the genome of the in- 
speries.( £IV is amipenically related to HI fected cell causing a latent infection.' FronPtime 
A lymphotropic retrovirus causing feline to time, lytic infection is initiated releasing pro- 
AIDS-like syndrome (FAIDS) has been isolated” geny virions which infect other cells. Th e. lo n g 
from cats in the U.S.A. This has been called andjiaiiable incubation periodjjXiiiyinfectiQn— 
‘Fe line T Lym photr opic Vi ni ^_orJTLV '. A is bec ause of the latenc y.^ 
bovine lentivirus has been reported that causes a The primary pathogenic mechanism in HIV in- 
degenerative wasting disease with CNS defects. fection is the damage caused to the T 4 lympho; 

HI V- I does not produce disease in any animal ^gyte. T 4 cells decre ase in n u rn b m and the l~ 4 ~Tg 

Primatefc such as chimpanzees and ba boons carT^helpersup jrresso r) cell. ratio is reversed. Depre- 
bc infected expe rime ntally leading to antibody sston o £T< cell function^ caused not entirely by 
response, bu t no illness . H IV-2 has been re- ceil lysis, because only a small proportion of the 
parted t o infect rhesus monkeys ^ v ” cells are found infected with_HIV in AIDS, 
‘<52^ perhaps only on e in 10* or 10 s cells. Viral infec- 

without causing-structural . damage.. Infected T 4 


In an infected individual, HIV can be isolated cells do not appear to release normal amounts of 
from Jdood, ^ lymphocytes cell-free plasma, Interleukin^ gam ma inte rferon and other lym- 
. semen, c ervic al .secretions, saliva, tears , urine phokines. This has a ma rked d ampeningeffect on 
and i breas UTuTk^Table 62.3). ‘ ^ ce ll medi ated immune response. 


TABLE 62.3 

Sites from which IIIV can be Isolated 


Blood- AjQQ 4 -Lc dIs . T 4 I.ymphocytfcL(A |so so rne .moj ocytes. 
B- lymphocytes ). ^ 


B. t Cell-fre e virions present in^plas m 
Semen J.yinphocytesand 


Cervical fluid 
Saliva 
Brcastmilk 
C.S.F. 

Tears 

Skin 

Lungs 

CNS* 
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Though the major damage is to cellular tm- The principal immunological abnormalities 
munity .^humoral mechanisms also 'are affected. , seen in HIV infection are listed in Table 62,4. 
Helper T cell activity is essential for_pptim aLB— Clinical manife stations in HIV infections are 
cell function, particularl y, in responding to due not primarily to viral cytopathology, but are 


^ thymus dependent antigens. AIDS patients are 
’ una ble' to respond to new antigen s. An important 
feature in HIV infection is th e^polydonai activa- 
tion 'of B lymphocy tes leading t o hypergamma- 
'' glpbulinaemia.- All classes of immunoglobulins 
are involved, but levels of IgG and IgA are par- 
ticul arly raised. In inf ants and children. TgM, 
levels also are elevated . The hypergamma- 
globulin 2 ^iaJs-mQrg_aJiiiitkance-tha n . aJiel p 
Jtecause it is composed m arnl y nf ‘nselessimmufio- 
plohulin! to irrelevant an tigens and also a utoan- 
tibodie s. This may also be responiible for allergic 
reactions due to immune complexes (type 3 hyper- 
sensitivity). 

Monocyte-macrophage function is also affected 
apparently /lue to the lack of secretion of activ at- 
i ng factors by., T 4 lymphocytes. As a result. 
cfaemotaxis, antigen presentation and intrace llu- 
lar killing by monocytes/macrophages are di- 
minishe d. The activity of NK cells and cytotoxic 
Tlymphoeytes is also affected. 


. secondary to the failu re of i mmune re sponses^ 
This renders the patTenTsusceptible to opp or- 
tunist infections and malignancie s. An exception^ . 

Jive ^neurological lesions seen in AIDS. It has 
been suggested that these ma^bgjju e to the di-— 
.rect effect of HIV on the central nervQUS SVSteim, 

ACQUIRED IMMUNE DEFICIENCY 
* SYNDROME (AIDS) 

Clinical features of HIV infection C 

AIDS is only IheJasUtagfcio-the wid e spectrum 
of clinic al featu res in HIV infectio n. The Center 
for Disease Controf(USA) has classified the clin- 
ical course of HIV infection under various groups 
(Table 62.5). 

The natural evolution of HIV infection can be 
considered in the following stages. 


TABLE 62.4 

Immunological abnormalities in HIV Infection 

Features that characterise AIDS: 

1 . Lymphopenia. ». — , . . _ ; 

2. Selective T cell deficiency - Reduction in number 

ofT 4 (CD 4 ) cells: Inversion of T 4 :T 8 ratio. ' 

3. Decreased delayed hypersensitivity on skin testing. 

4. Hypergammaglobulinaemia - predomi nantly Ig G and 

IgA; and I gM also in childr en. * , 

5. Polyclonal activation of B cells and increased spontaneous 
secretion of Ig. 

Other consistently observed features: 

1 'Decreased in vitro lymphocyteprolifcratjve response 
"to mitogens and antigens. 

2. Decreased cytotoxic responses by T cells and NK cells. 

3. Decreased antibody response to new^antigens. 

4. Altered monocyte/macrophage function. 

5. Elevated levels of immune complexes in serum. 
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TABLE 625 

Summary of classification system for HIV Infection 
(Centre for Disease Control, U.S. A.) 


Group I 
Group II 
Group III 
Group IV 

SubgroupA- 
Subgroup B- 
Subgroup C- 
Catcgory C-l- 


v ^cuie infecti or 


persistent generalised lymph adenopath y 
Other diseases ' 

Constitutional disease - ARC 
Neurologic diseases 


Sp ecified infectious diseases lis ted 
fh the CDC surveillance definition 
for AIDS, such as P. carinti - — 1 


pneumo nia, crvot ospondiosi s. ‘ 
t oxoplasmos is , g ener alised 
stron gyloidiasis, cryptococcosis. 


Category C-2- 


CM V or herpes diseases, etc. 
Dther specified si 


Subgroup D- 
Subgroup E- 


Dther specified secondary diseases, 
such as oral hai^y [eukoplakia 
salmonella bacterem ia, nosatdiosis, 
.tuberculosis, thrush *. 

Secondary cancers, such a s Kaposi's 
. sacrom a. Lymphomas 
Qdiej conditions 


/. Acute HIV infection: W ithin a few we eks ofaa- 
fection wtth HIV, about, 1JM5 per cent of per- 
sons experience low grade fever, malaise, 
headache, lvmphadefi Spatnv. /sometimes with 
rashjmdarlhro pathy resembling planrtn|prfever> 
Rarely, there may be acute enc ephalo pathy/ 
Spontaneous r esolution occurs within weeks.^ 
Tests for HIV antibodies are usually negative at 
me onset of the tllness, but DecomcJositive_tli 


"its course. HenciTlnis syndrome has been cal- 
led .seroconversion illne ss!, thougfun the major- 
ity of those infected with HIV, seroconversion 
occurs without any apparent illness. HIV an- 
«J ttgenaemia (p24^ntigen) ca n be demonstrated a t 
the beginning of jhis p hase -^ipjnthopeneSLS.Qf 


ston illness or not, pass through a phase of 
symptomless infection^Iasting for several months 
or years. They show positive HIV antibody tests 
during this phase and are infectious. In some, the . 
infection may not progress any further, while in 
others it may jead to full blown AID S , either di- 
rectly nr through cy topaenias. minor oppo Elmus- 
t ic infections, persistcnV generalised Iv m- 
pJiadenop3thy or AIDS-relatedcomplex (A RC) 
as described below. 


^wane-complexes as well as tC Ldirect effects o f 
viral multiplication. 


3. Persistent Generalised Lyrnphadenopathy (PGL): 
This has been defined as thg.pj-gsenccjQf enlarged . 
iymphjiodes^atJcast-lTOcmT’in diameter, in two 
or more noncontiguou s extra-inguinal sites . tha L— 
pe rsist for at leasn h rce month s, in t he absence of 
any current illness ormedtcajjbn that may c ause 


2 Asymptomatic infection: All persons infected 
with HIV. whether they experience seroconver- 


ly mphade nopat by. This by itself is benign, but a 
* ‘the ca 


proportion ot the cases may progress to ARC or 

AIDS. "" 

■ , * 
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•I. A IDS- Related Complex (A RC): This group in* 
dudes patients with considerable immunodefi- 
ciency, suffering from various constitutional 
symptoms or ha ving mino r o pportunistic in fee- 
tions. The typical constitutional symptoms arc 
fatigue. unexplained fever, persi stent diarrhoea 
arra rr^rkcil weight 1ms — more thnnJU percent A 
of body' VciiHTTTTieournmon opportunistic infec- 
tions arc oral candidiasis' herpes 7oste r , hairy celL 


roonclla c. mycobacteri a, isospor a, CMV or 
^cnovirus^ s also frequently cause intestinal _ 
infections. Sy stemic stron yvlniH osis _ma v(* 
occur, pironir mlitU-is common in male 
homosexuals (‘ gay bowel svndromeM ^ 
from which amoeba, giardia and a host of 
diarrhocagenic bacteria have been repor- 
ted. 

c. Central nervous system : The typical CNS op- f 


leu coplaXiayTalnmncilos i> or tuberculosi s *irt porumisL-iofections are> »toxonlasmosis and 


Generalised Ivmphadcnopath v and ~ >plcnomc- 
ply-are usually present. /> KC patients a rc usu- 
allv seve rely ill and many o f them pr ogress to 
AIDS in a few months. 


crvniocoecbsis. Infections are also seen with ,, 
CMV . herpes simple x , papovaviruse s. jnycti- 
hacten a, aspcrgillu s and Candida. Lym- C 


5. AIDS: This is th e end sta ge disease represent- 
ing the i rreversible hrcaU Io wn of immune dc- 
fenccjn^hanSm^Jcaxmg the patient prey to 
progressive opportunistic infections and malig-^ 
nandcs. "~~ 

The clinical severity of AIDS varies with the 
type of infection or malignancy present. In early 


phomas of the central nervous system are com- 
mon. 

d. Malignancies : K aposi’s sarcom a is the charac- 
teristic lesion seen in male homosexuals. It is 


mucosal or cutaneous tumour^ probably of en- 
dothelial origin. 1 he other tumours commonly 
seen arc lymphomas. botln Hodgkin and 
non-Hodgki n type s. 


AIDS, many patients are ill only during episode* ,c. Cutaneous : Besides Kaposi’s sarcoma, h erpes 


of infection, which may respondjo treatment 
Between episodes they may be relatively w-cfl and 
able to resume normal life. Patients with Kaposi’s 
sarcoma arc less ill than those with other malig- 
nanrics. The illness i ne xorably progresses and 
dea th ensucs~iTrmnnrt>s~or scars. According 'to 
the system most affected, patients present with 
various complaints, some of which arc as follows: 
a. Re spiratory: The commonest presentation is 
wltunmlj.llm g dry cough, dyspnoea and 
fever. I n (he USA and other" western coun- 
tries, The usual pathogen isp. carinii, but in the 
developing countries it is &i: tuberculosis or an 


lesions, ca ndidiay ^ xtrodcrm a, s6bofrhoeic 
.deYmatit is^ phirig o. ftdliculiti s^i fnpetigQ and 
j polluscum contagios um arc common cutane- 
ous lesion^.-' 


6. JJanenJia: HIV ma y cause direct cytopatho- 
geriic damage m the central ne rv ous system . It 
can cro$s the blood brain barrier and cause en- 
cephalopathy leading to lo$R-of higher functions, 
progressing to dementia. 


7. paediatric AljpS: y\bout half, the number of 
babies bom to infected mothers are infected with 
atypical mycobacterium such as M. aviumQ) HI V ,ftfany of them may not survive for a year. 
intra-cellulare. pneumoni a may also be viral Children may also acquire the infection from 
(CMV) ^fungal (histop^isma^ryptococcus). blood transfusion or blood products. 
Gastrointestinal : The mouth is often involved There are many differences between adult and 
in AIDS. wiihihnis^y'hcmcticstomatiMs. paediatric AIDS . .C hildren develop humoral im - 
givnis , hpirv leukoplakia o rJsnposj’s sarcoma , munodeficiencv early, lead ing to recurr 
iJvsplinpiny rnav be due to oesophageal can- rial i nfection s. Failure to thrive, chr 
didiasis. .Diarrhoea . abdominal. pain ani Ldiy- . -ihoea, Ivmphadenopainy .y tuoerculosi 
tension'nr c common. A characteristic intesti* ponnnist bacterial m fert inns, are rmp; 
nal pathogen in AIDS is Cryptosporidium . Sal- ifestations in paediatric AIDST L ympl 
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TABLE 62 6 

Opportunistic infections and malignancies commonly 1 
associated with HIV infection (in de> eloped countries) 

I. Parasitic - 

1 . Pneumocystis carinii pneupionia 

2. Toxoplasmosis V 

3. Cryptospondiqsis 

4. lsosporiasis/ 

5. Generalised strongyloidiasis 

II. Mycotic - 

1. Candidosis ' / 

2. Cryptococcosis 

3. Aspergillosis 

4. Histoplasmosis 

III. Bacterial - 

1. Mycobactenal infections -Tuberculosis and 
non-tuberculous infections 
2 Salmonellosis 

3. Campylobacter infection 

4. Nocardta and actmomycetes 

5. Legionellosis 

IV. Viral - 

1. CMV 

2. Herpes simplex. 

V. • Malignancies - 

1. Kaposi's sarcoma. 

• 2. Lymphomas - Hodgkin and non-Hodgkin types. 


and body fluids , mostly within lymphocytes but 
s ome also cell-fre e. Virus titres are high early in 
infection about a week before antibodies Start ap- 
pearing. Antibodies do not neutralise the virus 
and the two can coexist in the body. During the 
phase of asymptomatic infection, virus litre is low 
and may not be detectable, but when clinical 
AIDS sets in, the litre rises once ag ain . An inr 
fected person may therefore be infectious 
throughout, but the infectjvitv is highest in the. 
earl y phase of infection (when the antibody tests 
are negative and the case may not be detected in 
screening tests) and again when he becomes clini- 
c allv ill . "■ ' 

Though the virus is present in many p arts of the 
body, it is most readily isolated from perip heral 
lymphocytes. The technique of isolatioriI5~by 


co-cultivation of patienLs lymphocytes with unin- • 
fecte’d lymphocytes uy t he presence of Inters 
l euKm-2. Viraireplication can be detected by 
demonstration of itf yerse transcriptas^ activitv as 
well as antigen in the system, ffowever, viral iso- 
lation is not suitable as a routine diagnostic test. 


3. ANTIBODY DETECTION # 


Demonstration of antibodies is the simplestand 
most widely employed techmoue for diagnosis of 
HIV infectio n. However it_ needs to- he em- 
phasised that i t may take' sever ahveeks to months~ 
f or antibodies to appear after infectio n, and dur- 
ing the later part of this period, the individual 
may be infectious. For this reason, ahtibddy 
screening is" riot totally depend abfeTor spotting 
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TABLE 62 7 

Evolution of serological markers during HIV Infection 


State of 



Markers 



p.24 

antigen 

anti-HIV 

IgG 

anti-HIV 

IgM 

Western 

blot 

pattern 

Early infection 

+ 

- 

- 

- 

Acute (sero- 
conversion) 
illness 

Carrier, 

- 


3 

Padial:p24 j 

and/or 

g^m 

asymptomatic 

- 

+ 

- 

Fuji pattern 

PGL 

+ 

+ 


Loss of 
p24/p55 

AIDS 


+ 


Absence of 
p24: loss of 
other s 
reactivities 


infectious persons, as for example among blood 
donors. Many instances of H IV trans mi ssion by 
blood transfusion from seronegative donors have 
been documented. It is stated th*at folio wing 3e5u- 
u al cxposur aJia-Hl Vr-afttib odigfr-appear-witlttir 
3-6 mon thrif infection ba sjaJtefljlace. „There- 
forc anTTbody testing after six months may help t o 
id entify "whctherinfection has oc cu rred after a 
si ngle sexuaT exposuie? _ " 

Once antibodies appear they inc rease in ti tre 
a nd bronderr iri~spectruro for lhe_ next several 
months. Ig M anti bodies disappear in 8-1 0 weeks 
while Ig G antibodies remain' th r oughout. Whg n 
immunodefi ciency becomes "severe" following 
clmicararPS, some c omponents of anti-HIV an- 
tibody (e.g. , anti-p^JTnay^Isappcarj^y/ 

S erological tests for ant i-HIV are of two types — 
screening and con)trma(ory tests: Screening tests 
possesfr-bigh sensitivity, a broadly reactive spec- 
trum, arc simple ’to'perform and ean be auto- 
mated for handling large numbers of samples at a 
time. They are not highly specific 3nd may give a 
few false positive results. All sera positive 
on screening tests are to tic checked by a con- 


firmatoiy test before the sample is declared as 
positive. The most widely used screening test is 
EUSA. 

1. EUSA tes ts: Direct solid phase ELISA is 
the method n jost commo nly used. The antigen 
obtained from HIV grown in continuous Tlym - 
phocytc cell line or by recombinant te chniq ues is 
coated on microtitre wells or other suitable solid 
surface. The test serum is added, and if antibody 
is jwcsenCit binds to the antigen. After washing, 
away the unbound serum.j mtl-human immu no- 
_g!obulin linked to a suitable enzyme is addc^Lfol- 
lowed by a colour forming substrate. Jf the te st 
serum contains anti-HIV antibody, a visible or 
photometrically detectable colour is formed 
which can he read visually or by special ELISA 
readers. 

ELISA is simple and relatively inexpensive, 
but false positive reactions arejiot uncommon, 
particularly with sera containing rheumatoid fac- 
tor or anti-lymphocyte antibod ies. Ser^Wfored 
for long periods contain nonspecific ‘sticky’ im- 
munoglobulins. Plasma gives more false positive 
tests than serum, particularly in agglutination 
tests: Persons from some parts of the world may 
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show nonspecific reaction due to cross reacting 
antibodies to locally prevalent non-HIV re- 
troviruses. 

Modification of ELISA in which the antibody 
in test s eru m cith er co mpetes w ith enzymc-conju- 
gatcJ' anti-HIV antibody, or’ is captured by 
anti-human immunoglobulin on to solid phase 
arc more specific. Ca pture ELISA specific for 
IgM anti body is also availab ly ~ / 

~2. Fujircbio a gglutinatio n tes t in which antigen 
coated gelatin p'ariicles are agglutinated byanti- 
body i s a simple and convenient tes t, but ITalso 
subject to false positive reactions. 

3. Karpas’ test is a slide immunoperoxidase 


2pS 


VP 161 
VP 120--j 


Hr: ' 




mmi r» • 


E=3 C-’ = 
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»* 
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Fig 62.4 Western blot test for HIV antibody. Nitrocellulose 
stops containing separated HIV proteins are reacted with 
test (nos 4 to 27) and control strong positive, weak positive 
and negative (nos. 1 to 3) sera. Antibody bound specifically 
to HIV proteins is visualised by using goat aniibuman 
immunoglobulin-biotin conjugate, an avidin-horse radish 
peroxidase conjugate and 4-chloro 1-naphthol substrate. A 
i scrum is considered positive if it shows antibody binding to 
at least 2 gene products of the 3 major HIV genes, namely 
gag (p 17, p 24, p 55). env (gp4 1 , gp 120, gp 160) and pot (p 
31 . pSl and p 66) Examples of typical results are sera nos 
43.6for positive, 7,8 for negative and 1121 for weak posi- 
tive reactions (Courtesy - Prof. T. Jacob John. Depart- 
ment of Virotogv and Immunology. C.M C. Hospital Vel- 
lore.] 


reaction. HIV infected cells fixed on tef- 
lo n-coated s li de welf are tre ated first with the 
test serum and then with horse radish peroxidase 
labelled a nti-human globu lin. Finally a suitable 
subslratc is added which gives a colour reaction if 
the test is posit ive. The test is simple and inexpen- 
sive, but the evaluation j^sujjjgctive. 

4 ✓I ndirect immunofluorescence again is liable 
to subjective error. Rddio-immunoassay can be. 
used for detecting specific antibodies, as for 
example anti -p24, but isnoLwidely n sed. 

5. TKe^confirmatory test c ommonly em ployed ¥ 
is the Western blot test. In this t est, HIV p roteins 
separated according to their electrophoretic mo- 
b ility (an d molecular weight) by p olyacrylamide 
gel electrophoresis are blotted on to strips ot nit- 
roccllulose paper. These strips are reacted with 
test sera and then with enzyme-conjugated 
anti-human globulin. A suitable substrate is then 
added which produces a prominent colour band 
where specific antibody has reacted with the 
separated viral protein. The position o f the band 
on the strip indicates the antigen with which the 
antibody has reacted (Fig. 62.4). In a positive 
serum, bands will be seen with multi ple pro teins 
typically wit h p24 (gag gene, core protein), j>31 
{pol gene, reverse transcriptase) an dgp41 , g pl2 Q 
or gpl60 {env gene, surface antigen). However, 
interpretation becomes difficult when bands ap- 
pear only at one or two sites, as with p2J^or 
gpl20. This may happen in early infection, but 
may also be nonspecific. Western blot is a very 
usefu l confirm ator y test, but t Ke_interpretation 
re mains subiecliveand demands considerable e x- 
penence. _ . 

Examination ot a serum by a battery of tests re- 
duces the chance of nonspecific reactions. A true 
positive serum will react in all tests, while a false 
positive would seldom do so. When in doubt, a 
follow-up testine after 2-3 months would be use- 
ful. 

Apart from diagnosing HIV infection, the 
laboratory would be called upon to identify the 
opportunist infections that are a-featuie of AIDS. 
Routi ne microbiologica l methods would suffice " 
fonhis~. HaweveryseroigRi cardiag iosisofinFee- 
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tions may not always be reliable in AIDS as anti- 
body formation may be affected by the immune 
deficiency. 


Applications of serological tests: Serological tests 
for HIV infection are employed in the following 
situations. 

1 . Screening*. Screening is defined as the sys- 
tematic application of HIV testing, whether vol- 
untary or mandatory, to entire populations or 
selected target groups. Screening of entire popu- 
lations raises many complex social and 
psychological issues and is therefore neither feas- 
ible nor practicable. But screening of target 
populations is valuable. As iatrogenic transfer of r — 

HIV is an important mode of spread of the infec- ^tpidcmiology and prevention 
lion to unsuspecting recipients, it should be man- 


Antibody testing may also help to check 
whether infection has taken place following an 
exposure, such as sexual contact, blood transfu- 
sion or needle stick injury. Serology after two 
months and, if negative, after six months would 
be sufficient. If serology is negative six months 
after exposure, infection is unlikely to have oc- 
curred. 

4 Prognosis : In a person infecte d with HIV, 
lo*;s of detectable an ti-p2 4 a ntibody indicates 
clinical deterio ration. Th is is taken as indication 
for active antiviral. treatmerU ~TK(s is~aUo jty 
soeialed-w ith-HIV amirenaemia and inc reased 
virus titre m circulation. 


datory that all donors of blood, blood products, 
semen, cells, tissues and organs be screened. As 
antibody tests are negative during the early stage 
of HIV infection when the individual is infecti- 
ous, screening may not detect all dangerous 
donors, but can still eliminate the large majority 
of them. A person found positive for anti-HIV 
antibody should never donate blood or other 
biological materials. As the infection can be 
transmitted from mother to baby before, during 
or after birth, antenatal screening may be consi- 
dered. Some countries have laws requiring sc- 
reening of incoming foreigners. In India, foreign 
students are being screened for anti-HIV an- 
tibodies. 

2. Sero-epidemiology: An tibody sur ve ys have 
be en mos t us eful i n identifying the geog rap hical * 
e xten t of fllV infection— and in other" 
epidemiological stud ies such as sprea Jo? then?— 
fection from identified sources. 

3. Diagnosis: Serology is almost always posi- 
tive in persons with clinical features of AIDS. It 
may however be negative in acute illness and 
sometimes in the very late cases where the im- 
mune system is non re active. Routine serology may 
also be negative when the infection is with a diffe- 
rent AIDS virus. For example, HIV-2 infections ^ 
which are prevalent in Africa are likely to be mis- ' 
sed if antibody testing is done with HI V-i antigen 


AIDS is a new disease which came to light only in 
1981 when it caused outbreaks in the USA. But in 
retrospect, the virus appears to have been seeded 
in the United States at least in the mid-I970*s and 
a few unrecognised cases of AIDS had occurred 
in New York m 1978. The origin of the virus has 
been the subject of much controversy, reminis- 
cent of the situation five hundred years ago when 
syphilis was first recognised. It has been 
suggested that the virus may have originated in 
Africa, perhaps from a simian immunodeficiency 
vims and spread to the USA, probably through 
Haiti. In the permissive American Society of the 
1970’s, the virus spread widely among male 
homosexuals and drug addicts, finally to come 
out into the open as outbreaks in 1981. The virus 
may have spread to Europe from America, as 
well as directly from the former African colonies 
of European nations. 

The virus has spread virtually all over Ihe 
world, though the prevalence rates in different 
countries vary widely. North America, Brazil, 
Western Europe, Australia, Central and West 
Africa have high prevalence, while Eastern 
Europe and Asia are only sparsely affected. Dif- 
ferences also exist, both in the modes of infection 
and in clinical manifestations, between the 
affluent and developing countries. The epide- 
miology of AIDS has been studied mostly in the 
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developed nations and only sketchily in the third 
world. 

The modes of transmission of HIV are shown 
in Table 62.8 

HIV is primarily a sexually transmitted infec- 
tion. In the USA it was transmitted predomin- 
antly among male homosexuals. The danger of 
infection is more for the passive agent because 
mucosal tears are very frequent during anal inter- 
course and virus-laden lymphocytes in semen can 
directly enter through these. In the homosexual 
males, the relative risk of infection in the various 
sexual practices has been estimated in the de- 
scending order as ano-receptive, oro-receptive, 
ano-insertive and oro-insertive. One reason for 
the high incidence of HIV infection in male 
homosexuals may be the large numbers of sexual 
partners they are reported to have, sometimes 
over a thousand. In affluent countries, homosex- 
ual and bisexual males are infected far more often 
than heterosexuals. For this reason infection was 
found predominently in males and only occasion- 
ally in females. However, the situation is veiy dif- 
ferent in Africa and* Asia where males and 
females are equally affected. In some places, 
more females are found infected due to the high 


rate of infection in prostitutes. Transmission in 
the developing countries is almost always 
heterosexual and can take place in both direc- 
tions. 

The best method of checking sexual transmis- 
sion of infection is health education regarding the 
danger of promiscuity and other high risk ac- 
tivities. Some changes in the life style and sexual 
attitudes have already taken place in the USA so 
that incidence in homosexuals has come down. 
Persons indulging in high risk sexual practices 
and spouses of infected persons should be coun- 
selled regarding ‘safer sex’ methods. The use of 
condoms offers considerable protection though 
not complete protection. The risk of HIV trans- 
mission increases with multiple partners. 

The second mode of transmission is through 
blood and blood products. Before the danger of 
HIV transmission was recognised, many persons 
had received blood and blood products contain- 
ing infectious virus. Screening of blood donors is 
now mandatory in the developed countries, but is 
not yet practised in the poor nations. Even 
screening may not completely eliminate the dan- 
ger as the early infectious case may be missed, but 
the risk is reduced considerably. In the advanced 


II 

III 

IV 


TABLE 62 8 

Common modes of transmission of HIV 


Sexual intercourses: 

Anal, vaginal, oral 
Blood and blood products 
Blood transfusion, Factor Vlllptc 
Tissue and organ donation''-' 

Semen, cornea, bone marrojy, kidney etc. 

Injections and injuries. \y 

Shared needles by drug addicts 

Injections with unstenle syringes and needles 

Needlestick and other injunes in health staff 

? Surgical « ounds 

Mother to baby 

Transplacental 

At birth 

After birth 

? Breast milk 
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countries any person who lias indulged in high 
risk practices is adv ised not to donate blood. This 
restriction also applies to donation of semen, 
cornea, bone marrow, kidney and other organs as 
infection can be transmitted through any of 
these. But such restraints may not be enforced in 
the developing countries, where professional 
donors constitute a real hazard. Manufacturing 
processes of blood products have now been mod- 
ified to eliminate infectious virus. 

Contaminated needles can transmit the infec- 
tion This is particularly relevant in drug addicts 
who share syringes and needles. The surest way 
of countering this would be to wean addicts away 
from the habit, but this is seldom successful. In 
some areas where this mode of transmission is a 
serious problem, sterile disposable syringes and 
needles have been made available to addicts free 
of cost to minimise the danger. This mode of in- 
fection is more common in the affluent nations 
than in poor countries where addiction to injecta- 
ble drugs is rare. More important here is the use 
of unsterile syringes and needles by doctors and 
health staff making iatrogenic infection likely. 
Even in large hospitals, sterilisation methods are 
often unsatisfactory. In immunisation and family 
planning camps the same syringe and other in- 
struments are used for many persons. This is a 
serious threat. Where facilities for sterilisation 
are not available, the use of disposable needles 
and equipments may be necessary. 

The danger of needlestick injury is present in 
medical and paramedical personnel, though the 
chances of infection are much less than with 
HB V The risk following needlestick injury or in- 
jury with sharp instruments used on seropositive 
patients has been estimated to be about one per / 
cent. By the middle of 1988, only 15 cases of 
seroconversion had been documented in health 
personnel, including laboratory workers, dealing 
with HIV infected persons, nine following needle 
stick injury, five after exposures of skin or muc- 
ous membrane to infected blood or body fluids, 
and one in a laboratory worker who sustained a 
cut while handling the virus. The risk to medical 
and nursing personnel appears to be minimal pro- 


vided they take adequate precautions. But con- 
sidering the unsatisfactory asepsis and hygiene in 
many hospitals in poor countries, the risk may be 
real. Medical and paramedical staff need to be 
educated on caring for patients infected with 
HIV. Guidelines should be laid down for hospi- 
tals regarding the management of AIDS patients. 
They can be treated in any well organised hospi- 
tal in the same manner as any other highly infecti- 
ous disease. Gloves should be wom while handl- 
ing patients, and protective clothing and specta- 
cles used when there is a danger of splashing of 
blood or fluids. Soiled materials should be 
sterilised before disposal. Blood or other fluids 
splashed on the skin, mouth or eyes should he 
washed thoroughly. Skin puncture should be en- 
couraged to bleed 3nd then washed. 

Transmission of infection from mother to baby 
can take place before, during or after birth. As in- 
fection occurs in about half such babies, infected 
women should be informed of the danger and ad- 
vised against pregnancy. HIV may be present in 
breast milk and may rarely be transmitted 
through breast feeding. A, y 

Normal social and domestic contact docs not 
transmit the infection. Shaking hands, hugging, 
putting checks together or dry kissing^ safe. 
There has been no confirmed case of transmis- 
sion through saliva, though the virus may be pre- 
sent in the saliva of infected persons. ‘Wet kis- 
sing’ is considered risky. Sharing rooms, bath- 
rooms, cooking and eafjng facilities are not consi- 
dered dangerou§. There is no evidence thaLinos- 
qultoes, b ed “b ugs or ot her blood sucking inse cts 
can transmit the virus. Infection is noLlransmit- 
t ed through air. iorifl~._water or fomite j^ * 

AIDS in the developing countries differs from 
the disease in the Western countries clinically 
also. In Africa, the major manifestation is pro- 
nounced wasting so that it has been called the 
‘slim disease’. The high prevalence of tuber- 
culosis and parasitic infections complicate the 
clinical picture. 

India is one of the countries whcr^HIV infec- 
tion has come in late and spread slowly. From the 
available information, transmission has been 
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mainly heterosexual, in volving prostitu tes. Infec- 
tion through blood transfusion has also occurred. 
The first case of AIDS identified in India hacLac- 
quired the infecti on abroa d, but indigenousxases 
have since been observed and are on theincrease. 
Surveillance units have been s et up in diff erent 
parts of the country. 

sent depends on health education, identification 
of sources and elimination of high risk activities. 
Great efforts are being made to develop a vac- 
cine, but no headway has been made so far. In the 
case of some animal lentiviruses, vaccines not 
only do not protect, but may actually worsen the 
outcome of infection. Prospects for a vaccine in 
the near future are dim. 

Treatment 

Approaches to the treatment of AIDS i nclude: 
1) the treatment and prophylaxis of infections and 
tumours. 2) general management, 3) immunores- 
torative measure, and 4) specif ic anti-H IV 
agents. 

Prompt diagnosis and appropriate treatment of 
opportunistic infections and tumours in the early 


stage of AIDS can be very usefuLand-the patient 
may be abl e to resume normal life in-b etween 
episodes of illnes s. General management jafthe 
patient requires the understanding and coopera- 
tion of the health staf f in the hospital and ofrela- 
tives at home. G roundless f ears about imaginary 
risks have to be allayed and reassurance given 
that the patient can be kept at home or treated in 
the hospiiaLwithQuidang er to cont acts, if proper 
prec autions are t aken. 

St eps at im munorestorative therapy such as ad- 
ministration of inte rleukin-2, thymic factors, 
leucocyte transfusion and bone marrow trans- 
plantation have not been very helpful. 

A large number of antiviral drugs, including 
alpha interferon, ribavirin, suramin, foscarnet 
have been tried in AIDS patients and abandoned 
due to high toxicity and insufficient benefit. Only 
one drug'. Zidovudine (azi dothymidine, AZT) h as 
been licensed tor use in ail)S. inis can be given 
orally and is able to cross the blood brain barrier. 
Multicentric Geld trials have shown signiGcant clini- 
cal and immunological benefit from the use of this 
drug. Though many other compounds are being 
tested, Zidovudine is the only effective therapeutic 
agent against HIV available at present. 


Further Reading 
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Normal Microbial Flora of the 
Human Body 


Man, like other animals, harbours a wide array of 
microorganisms either on or in his body . The nor* 
mal microbial flora .arc more or less constant for 
each species and arc broadly divided into resi- 
dents and transients The former constitute a 
constant population which cannot be completely 
removed permanently, while the latter vary from 
time to tsme and arc impermanent. The residents 
prevent permanent colonisation of the body by 
other organisms. A knowledge of the normal 
flora of the body is essential to an understanding 
of the interaction of man and his pathogen laden 
environment The normal microbial flora play an 
important role in body economy. They can 

1) become pathogenic when host defences falter, 

2) prevent or interfere with colonisation/invasion 
of the body by pathogens, 3) rrfisc the overall 
immune status of the host against pathogens hav- 
ing related or shared antigens, and 4) cause con- 
fusion in diagnosis due to their ubiquitous pre- 
sence tn the body and their resemblance to some 
of the pathogens. Members of the normal flora 
form part and parcel of the host and include sap- 

, tOTriTTftTfta'rs , 
true pathogens. 

The microflora of the intestinal tract synthesise 
Vitamin K. and several B vitamins which supply 
on occasion the body's needs. The antibiotic sub- 
stances produced by some, e.g , cohcins, have a 
harmful effect on pathogens. The endotoxins lib- 
erated by them may help the defence mechanism 
of the body by triggering the alternative comple- 
ment pathway, as long as they are not produced 
in excessive amounts. 

On the contrary, the opportunist pathogens 


among them cause disease -when the body’s 
defence mechanisms fail. Their abnormal multi- 
plication can cause diseases such as enteritis and 
endotoxic shock. Penicillinase producing organi- 
sms can aggravate infection by interfering with 
therapy. Certain streptococci of the mouth cause 
dental caries. 

In environments laden with pathogens — as 
hospitals — a shift in the normal flora of the indi- 
viduals there can occur, for example, increase in 
carriage of antibiotic resistant staphylococci. It 
has also been shown that such people can be 
recoloniscd with penicillin sensitive staphylo- 
cocci of strain 502 A which are harmless and thus 
overcome the damage done. When large num- 
bers of people congregate from different parts of 
the country as in army camps, the new iccruits 
experience increased colonisation rates of AMt- 
sena memnguidis and Group A Streptococcus and 
viruses such as thinoviruses and adenoviruses 
resulting sometimes in epidemics. 

NORMAL FLORA OF THE SKIN 

The human skin is constantly and continuously 
bombarded by organisms present in the envir- 
nonment. It is also contaminated by one’s own 
secretions and excretions, the extent depending 
on the individual’s personal hygiene. The flora 
depend on the area of the body, the clothing one 
wears, one’s occupation and environment. 
Transient microflora tend to occur more fre- 
quently on the skin. 

Cultures from the skin have frequently 
demonstrated diphtheroids; staphylococci (aero- 



NORMAL MICROBIAL FLORA OF THE HUMAN BODY 


575 


bic and anaerobic); Gram positive aerobic spore 
bearing bacilli; Sir, virjdans ; Sir. faccalis; Gram 
negative bacilli such as if. colt, Proteus, and other 
intestinal organisms; mimieac; my cobacteri a 
(nonpathogenic); Candida albicans: cr yptococ ci 
and Piivrosporum oval e3 
Often the skin of the face, neck, hands and but- 
tocks carries pathogenic haemolytic streptococci 
and staphylococci. Penicillin resistant staphylo- 
cocci, arc seen in individuals working in hospitals. 

Hair frequently harbours Stapfy, a ureus and 
forms a reservoir for cross infection. 

NORMAL FLORA OF TIJE CONJUNCTIVA 

The conjunctiva is relatively free from organisms 
due to the flushing action of tears. The predomin- 
ant organisms of the eye are dip htheroid s 
^/jC orynebacterium xerosis) , Moraxe lla species, 
stanhvlococci and n onhacmolviic strep tococci . 

NORMAL FLORA OF THE NOSE, NASOPHARYNX 
AND ACCESSORY SINUSES 

The floor of the nose harbours corynebacteria, 
staphylococci and streptococci. H aemophilus 
species and Moraxella lacuna ja may also be seen. 

The nasopharynx of the infant is sterile at birth 
but, within 2-3 days afterbirth, acquires the com- 
mon commensal flora and the pathogenic flora 
carried by the mother and the attendants. The 
nasopharynx can be considered the natural 
habitat of the common pathogenic bacteria which 
cause infections of the nose, throat, bronchi and 
lungs. Certain Gram negative organisms from the 
intestinal tract such as Pseudomonas aentsina sa. 
E. col i. paracolons and Proteus are also occasion- 
ally found in normal persons. After penicillin 
therapy, they may be the predominant flora. 

NORMAL FLORA OF THE MOUTH AND 
UPPER RESPIRATORY TRACT 

The mouth contains a plethora of organisms — 
pigmented and nonpigmented micrococci, some 
of which are aerobic, Uram positive aerobic 


spore bearing bacilli, coli fo rms. Proteus and la c- 
tobacilli. The gum pockets between the teeth, 
and crypts of the tonsils have a wide spectrum of 
anaerobic flora — anae robic micrococci, m ic- 
roaerophilic and a naerobic streptococci , vibrio s, 
f usiform bacill i, coryne bacterium species, 
ac tinomyces . l eptothrix, mycoplasma, neisseri a, 
bacteroides ar e all found in varying extent. 
Amon g fungi, Candida and geotrichum ha ve 
been reported. 

The mouth of the infant is not sterile at birth. It 
generally contains the same types of organisms in 
about the same relative numbers as those present 
in the mother’s vagina, i.e., a mixture of mic- 
rococci, streptococci, coliform bacilli and Doder- 
lien’s bacilli. These organisms dimmish in 
number during the first two to five days after 
birth and are replaced by the types of bacteria 
present in the mouth of the mother and nurse. 

Within 12 hours after birth alpha haemolytic 
streptococci are found in the upper respiratory 
tract and .become the dominant organism of the 
oropharynx and remain so for life. In the pharynx 
and trachea, flora similar to that of the mouth 
establish themselves. Few bacteria are found in 
normal bronchi. Smaller bronchi and alveoli arc 
normally sterile. 

NORMAL FLORA OF THE INTESTINAL TRACT ^ 

In 80-90 pe r cent new born infants th e m econi um 
is s terile bu t in 10 -20 per cent a few organisms, 
probably acquired during labour, may be pre- 
sent. In all cases within 4-24 hours of birth an 
intestinal flora is established partly from below 
and partly by invasion from above. In breast fed 
children the intestine contains la ctobacill i ■* 
(L. bi fid us constituting 99 per cent of total 
organisms in the faeces), enterococci, colon 
bacilli arid staphylococci. In artit'icaily fed (bottle 
fed) children L. acidophil us and colon bacilli and 
in part by enterococci. Gram positive aerobic and 
anaer obic bacil li. With the change of food to the 
adult pattern, the flora change. Diet has a 
marked infuence on the relative composition of 
the intestinal and faecal flora. 


576 


TEXTBOOK OF MICROBIOLOGY 


In the normal adult, the microorganisms on the 
surface of the oes ophageal wall are those swal - 
lowcd with s aliva a nd food . Because of the low 
pH of th e stoma ch, it is virtually sterile except 
soon after eating. In patients with carcinoma of 
the stomach or achlorhydria or pyloric obstruc- 
tion , there is proliferation of Gram positive cocci 
and bacilli. 

The number of bacteria increases progressively 
beyond the duodenum to the colon, being com- 
paratively low in the small intestine. In the adu lt 
d uodenum there are lQMQfr bacteria per gr am,-* 
in the jejunum and proximal i leum lOMO 8 ba c?- 
teria per gram , and in the lower ileum and 
caecum l OMfllo bact eria per gTam of contents. 
In the duodenu m and upper ileum, lactobacilli 
and ente rococci predomin ate, but in the lower 
ileum and caecum the flora resemble the faecal 
flora. There are about 10' t bacteria pe^gram of 
contents in the colon an d rectum, constitutin g 
* lO- ffl per cent of the faecal mass. In the adult 
normal colon, the resident bacterial flora are 
mostly ( 96-99 per ce nt) anaerob es — anerob ic 
str eptococci, anaerobic lactobacilli. clostridia . 
and bacteroidcs and about 1-4 per cent aerobes 
— enterococci, cnlifnrrns, nnr[ small numbers of 
Protejgf, Pseudornonas, lactobacilli, ipyco- 
plasrpa, Candid^and others. 


NORMAL FLORA OF THE GENITOURINARY 
TRACT 

^Mycob acterium smegmath, a harmless commen- 
sal, is lounu in the smegma of the genitalia ol 
both males and females. This may, by its pre- 
sence in the voided specimens of urine, cause 
confusion. From apparently normal men, aerobic 
and anaerobic bacteria were cultured from a high 
proportion, including lactobacilli, Gard vag- 
i nalis. alpha haemolytic streptococci and Bac- 
teroids sp ecies Chlam. trachoma tis was found 
in three per cent and Ureaplasms urealyticum ^ 
in 59 per cent of them. T he iemale urethra is 
either sterile or contains a few Gr am p ositive 
cocci. 

The vulva of the newborn ch ild is sterile^ but 


after 24 hours it acquires a varied flora of non- 
pathogenic organisms from the skin, vagina and 
intestines. The nature of the flora in the vagina 
depends on the pH of its secretions and its 
enzyme content. At birth the vagina is sterile. In 
the fust 24 hours it is invaded by micrococci, 
enterococci and diphtheroids. In two to three 
days, the maternal oestrin Induces glycogen 
deposition in the vaginal epithelium, ^his facili- 
tates the growth of a lactobacillus (Doderlien’s 
bacillus) which produces acid from glycogen, and 
the flora for a few weeks is similar to that of the 
adult. After the passively transferred oestrin has 
been eliminated in the urine, the glycogen disap- 
pears, along with Dod grlien’s bacillus and the pH 
of the vagina becomes alkaline. This brings about 
a change in the flora to micrococci, alpha and non- 
haemolytic streptococci, coliforms and diphthe- 
roids. At puberty, the glycogen reappears and 
the pH changes to acid due to the metabolic acti- 
vity of Dodcrhen’s ba cilli, E. co li and yeasts. This 
change probably helps in prevention of colonisa- 
tion by possible harmful microorganisms. During 
pregnancy there is an increase in Staphyloco ccus 
albux, Doderhen’s- badllKand yeasts. Occasion- 
ally other members of the intestinal flora may be 
present. After menopause, the flora resembles 
that found before puberty. The normal vagi- 
nal flora often includes clostridia, listeria, 
anaerobic streptococci, mimeae, mycoplasma, 
Gardn erel la vaein alis. neisseriae and Trepo nema 
species. ' 

BACTERIA IN THE BLOOD AND TISSUES 

The commensals from the normal flora of the 
mouth, nasopharynx and intestinal tract may get 
into the blood and tissues. They are usually 
quickly eliminated by the normal defence 
mechanisms of the body, Occasional isolation of 
diphtheroids or nonhaemolytic streptococci from 
normal and abnormal lymph nodes may be those 
which escaped elimination. Unless the organisms 
of doubtful pathogenicity are isolated more than 
once in serial blood cultures, they have little sig- 
nificance. 
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Bacteriology of Water, Milk and Air 


BACTERIOLOGY OF WATER 

Water meant for human consumption must be 
free from chemical substances and microor- 
ganisms which might be dangerous to the health 
of the community Drinking water supplies 
should, over and above being safe, be also pleas- 
ant to drink, i.e., cool, clear, colourless and 
devoid of disagreeable taste or smell The situa- 
tion , the construction and the maintenance of the 
water supply, its storage and distribution system 
must exclude any possible pollution of the water. 

That all waters are liable to pollution must be 
constantly kept in mind. Both chemical and bac- 
teriological examination of the water supply from 
the source to the consumer should be regularly 
and systematically done, though tn several cases 
chemists and bacteriologists may disagree The 
aim of microbiological examination w ater 
supplies is to detect whether pollution of the 
water by pathogenic organisms has occurred _or 
not Though it would be ideal to look for the pos- 
sible pathogens themselves it is not practicable 
since they are usually few and far outnumbered 
by nonpathogenic organisms and hence the 
methods to detect them are costly in time and 
money Therefore we look for indicators of 
human/animal pollution, i.e., intestinal organisms. 
The organisms most commonly used as indicators 
of pollution are E.foli and the coliform group as 
a whole. Streptococcus faecalis and Clostridium 
welchit are also searched for 1) when the nature 
of pollution is doubtful, 2) when water is 
examined at infrequent intervals, and 3) when a 
new source of water supply is being considered. 


Bacterial flora in water 

The bacteria found in water can be conveniently 
divided into three groups - 

I Natural water bacteria : The organisms com- 
monly found in water free from gross pollution 
are included in (his group Chromogenic and 
nonchromogcnic cocci, Sarcinae/ fluorescent, 
chromogenic and nonchromogcnic bacilli are 
found The fluorescent bacilli are Ps. fluorescens, 
the chromogenic bacilli are Scrratia, Flavobac- 
tenum and Chromobacterium \ iolacaeurty The 
nonchromogenic bacilli belong to the Achipmo- 
bnc/er group. 

2. Soil bacteria: These get washed into the water 
during heavy rains. Most belong to the group of 
aerobic spore bearing bacilli. KleJjs. ae roccn es 
and Klebs. r/oacneiyhich may be foundon grains, 
plants and decaying vegetation are otheraerobic 
nonsporing bacilli which may also be included in 
this group for convenience Nitrifying bacteria, 
streptomjees and certain fungi may also be iso- 
lated from waters. The latter two may impart an 
earthy odour and taste to the water on occasions. 
Polythene pipeline favours the growth of bac- 
teria, some of which produce copious quantities 
of slime often leading to blockage/ 

3. Sewage bacteria : Many of the organisms in this 
group are normal inhabitants of the intestine of 
man and animals. Others live mainly on decom- 
posing organic matter of either animal or vegeta- 
ble origin. Sometimes pathogenic organisms are 
included The bacteria in this group are* 
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1. Intestinal bacteria: E. coli gr oup. 'S trep- 
tococcus faecalis , , / Cl. welchii, pathogenic 
organisms such as S-fvp /ii. an dUV. cholera e. / 

2. Sewage bacteria: Proteus, Cl. sporogenes „ 

Factors determining the kinds and number 
of bacteria in water 

1. Type of H’aferjJepending on the source, wa t- 
ers are divided into surface and deep. Surface 
waters are those that have not been filtered 
through any considerable thickness of soil. They 
are exposed to contamination from dust, soil, 
sewage, industrial waste and other decomposing 
organic matter and hence may contain large num- 
bers of bacteria, many of which may be of intesti- 
nal origin. Deep waters are th ose which hav e per- 
colated through several hundred feet of porou s 
layers of soil and are gener ally pure. Even w hen 
bacteria are found in them, the y are generally o f a 
harmless type^ 

2. Organic matter. When these are plentiful, 
organisms abound and as they become scarce, 
organisms decrease corre sponding ly. 

3. Temperature: The effect of temperature 

depends to a large extent on the amount of 
organic matter present. When organic matter 
content is high, a rise of temperature favours 
multiplication of bacteria with c onsequent 
increase in their numbers. Generally, a 
low tempe rature favo urs the sur vival of b ac- 
teria. ^ 

4. Light: The effect is only theoretica l . Actinic 
ra ys of the sun can be hacteri riHal, prnviHpH the 
water is clear and static and even then possibly 
only to a depth of five feet. 

5. Acidity) It is believed tha t aridity of water has a 
bact ericidal action and that it plays a conside ra- 
ble part in the purification of some waters! 

, 

6. Salinity : A high salinity has a deleterious effect 

on most bacteria?" “ ~ 


7. Protozoa: Protozoa, by inge sting and destrov - 
'Ing bacte ria, play a part in keeping the bacteri al 

populati on down 

8. Rainfall: Ea rly in the rainy season they wash 
down into the water sources large numbers of 
bacteria from the soil. But Jater, when the water 
level rises, they dilute out the bacterial popula- 
tion. 

9. Stora ge: Sto rage of water in a reservoir brings 
down the bacterial content. This may be due to 

1) sedimentatio n. Organisms st ick to suspended 
matter" ana sihlfleavlng the supernatant clear, 

2) e qualisation, when— water from different 
sources and hence differing bacterial content get 
collected in the same reservoir, and 3) devitalisa- 
tion due to decrease in food supply and action of 
protozoa. 

Pathogenic organisms survive longer in pure 
than in impure water. Therefore pollution of 
purified water in reservoirs and water mains have 
to be very stringently guarded against. 

Bacteriologi cal examinati on 

/. Sampling : The frequency of bacteriological 
examination and the location of sampling points 
should be such as to enable the bacterial quality 
of water supply to be properly controlled. The 
points from which samples are to be taken and 
their frequency should be decided in consultation 
with an expert sanitary adviser. Th e bacterio logj- 
cal examinations should be carried out in 
authorised laboratories. 

The bacteriological examination o f disinfec ted 
water as it enters the distribution system from 
such treatment point should be carried out at 
least once a day. With small supplies, serving a 
population of 10,000 or less, daily sampling may 
be impracticable and we should rely on proper 
control of disinfectant dosage and bacteriological 
examination at weekly intervals. Supplies that do 
not require disinfection, but are chlorinated as a 
precautionary measure, may not need daily bac- 
teriological tests. The following tables give gui- 
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TABLE 64 1 

Maximum Intervals between successive sample* or non disinfected water 
entering the distribution system 


population served 

Maximum interval between 
- successive samples 

Less than 20,000 

20.000 to 50,000 

50.000 to 1,00,000 
More than 1.00,000 


1 month 

2 weeks 

4 days 

1 day 

TAB1E 64 2 

Maximum intervals bf I ween successive samples and minimum number of 
samples to be taken from the distribution system whether the water 
has been subjected to disinfection or not 

Population 

served 

Maximum interval 
between successive 
samples 

Minimum number of 
samples to be taken 
from the whole distribu- 
tion system each month 

Less than 20,000 

20.000 to 50,000 

50.001 to 1,00,000 
More than 1,00,000 

1 month "1 

2 weeks J 
4 days J 
1 day 

One sample per 5,000 
* population per month 

One sample per 10,000 
population per month 


dance as to the number and frequency of samples 
to be collected. 

Both the above criteria should be satisfied in 
every distribution system. 

It is far more important to examine numerous 
samples by a simple test than occasional samples 
by a more complicated test or scries of tests, as 
one can never predict when pollution may occur. 
In unfavourable circumstances or in the event of 
an epidemic or immediate danger of pollution or 
when more stringent control is necessary, as for 
example with water supplies to dairies or food 
processing plants, much more frequent bac- 
teriological examination is required. 

2. Collection, transport and storage of samples for 


bacteriological examination: The sample should 
be representative of the water, it is desired to 
examine. All care should be taken to avoid con- 
tamination. When several samples arc being col- 
lected on the same occasion from the same 
source, the sample for bacteriological examina- 
tion should be collected first. Sterilised glass bot- 
tles provided with ground glass stoppers should 
be protected by kraft paper. If the water to be 
sampled contains or is likely to contain traces of 
chlorine or chloramine or ozone, a sufficient 
quantity of sodium thiosulphate should be added 
to the sampling bottles before sterilisation. > 

The sampling bottle should not be opened until 
it is required for filling. It should be held near its 
bottom. It should be filled without rinsingantf the 
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stopper should be immediately replaced. I f water 
is collected from a tap, it should be cleaned and 
flamed and the water allowed to run from the tap 
for at least two minutes before the sample is col* 
lected. 

When collecting samples from rivers, streams, 
lakes or reservoirs, it is not desirable to take sam- 
ples from too near the bank or too far from the 
point of draw off. The bottle should be held near 
the bottom, plunged neck downwards below the 
surface, turned so that the neck points slightly 
upwards with the mouth facing the direction of 
the current. Tf no current exists we should push 
the bottle horizontally forward. In the case of 
shallow wells where the method detailed cannot 
be followed, the bottle should be weighted and 
lowered into the water. If water has to be col- 
lected from a depth, a string or cord is attached to 
the neck and weighted, and the bottle lowered to 
the desired depth. The stopper should have a 
removal and replacing mechanism — a string or 
wire tied to it. 

If water is to be taken from a pump, the pump 
outlet should be sterilised after pumping water to 
waste for five minutes, then more water pumped 
to waste and then the sample collected avoiding 
contamination. 

Water should be examined as early as possible 
after collection, preferably within one hour but 
the interval between collection and examination 
should never exceed twentyfour hours. Where 
■delay is expected, the sample can be filtered using 
millipore membranes at the site or in a nearby 
laboratory. The membrane should be placed 
after filtration, on an absorbent pad saturated 
with transport medium in a Petri dish and then 
sent to the laboratory. Delays of upto three days 
make little difference to counts of coliform 
organisms and E. coli. 

3. The examination : A full bacteriological exami- 
nation should be carried out 1) when a new 
source of water is being selected, and 2) when cir- 
cumstances warrant its need. This consists of 
1) colony counts of microorganisms on nonselec- 
tive media, 2) count of coliform organisms and 


E. coli, 3) examination for faecel streptococci and 
Clostridium welchii, and 4) examination for 'nui- 
sance’ bacteria such as green-fluorescent pseudo- 
monas (in special circumstances). 

Organisms indicative of faecal pollution: Con- 
tamination by sewage or by human and animal 
faeces is the greatest danger to drinking water 
supplies. If such contamination is of recent origin 
and it has also been due to cases of carriers of 
enteric diseases, the water may contain the live 
organisms causing these diseases. The use of such 
water may result in occurrence of the respective 
diseases. Though methods are available for the 
detection of individual pathogenic organisms, it 
is neither practicable nor necessary to adopt such 
tests in routine examination of water supplies. 
When pathogenic organisms are present, they are 
almost always far outnumbered by other faecal 
organisms and the latter are easier to detect. If 
they are not found, it can be taken that disease 
producing organisms too are absent. 

The organisms most commonly used as indi- 
cators of pollution are E. coli and the coliform 
group as a whole. E. coli is of undoubted faecal 
origin, but as to the exact significance of the other 
members of the coliform group there is difference 
in opinion. From the practical point of view, their 
presence should be taken as indicative of faecal 
pollution unless their nonfaeca! origin can be 
proved. 

Faecal streptococci, regularly present in faeces 
in varying numbers, are usually fewer than 
E. coli, and probably die and disappear at the 
same rate. But usually they die more rapidly than 
other members of the coliform group. Therefore 
the finding of faecal streptococci and conforms 
but not E. coli is also confirmatory of faecal pol- 
lution. 

Anaerobic spore bearing organisms of which 
the most characteristic is Cl. welchii are also regu- 
larly present in the faeces, though in much smal- 
ler numbers than E. coli. Their spores can survive 
much longer than organisms of the coliform 
group in water and usually resist chlorination at 
the, doses used in water works practice. The pre- 
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scnce of CL wdchii in natural water suggests that 
faecal contamination has occurred and in the 
absence of organisms of the coliform group, indi- 
cates that such contamination occurred some 
considerable time ago. 

Standards : Water in the distribution system, 
whether treated or not, should not contain any 
organisms indicative of faecal origin. The pre- 
sence of organisms of the coliform group is indi- 
cative of faecal pollution unless a nonfaecal ori- 
gin can be proved The coliform group includes 
all Gram negative nonspore forming rods capable 
of fermenting lactose with the production of acid 
and gas at 37°C in less than 48 hours. 

E. colt is definitely of faecal origin and is 
defined as a Gram negative nonspore forming 
rod capable of fermenting lactose with the pro- 
duction of acid and gas both at 37°C and 44°C in 
less that 48 hours. It produces indole in peptone 
water containing tryptophan and is incapable of uti- 
lising sodium citrate as its sole source of carbon. 

Piped supplies: 1) Water entering the distribution 
system: a) Disinfected supplies: It should be free 
from any coliform and no coliform should be 
demonstrable in any sample of 100 ml. b) Non- 
disinfecled supplies: No E. colt should be present 
in any sample of 100 ml. In its absence, upto three 
coliform organisms per 100 ml may be tolerated 
m occasional samples. If repeated samples show 
cohforms, steps should be taken to find out the 
source and remove the sources of pollution. If the 
number of coliforms increases to more than three 
per 100 ml the supply should be considered 
unsuitable, without disinfection. 

2) Water in the distribution system: Water 
may be of excellent quality when it enters the sys- 
tem but coliforms may gain access to it in the dis- 
tribution system from booster pumps, from the 
packing used in the joining of mains, or from 
washers on service taps. In addition, contamina- 
tion can occur from outside through cross con- 
nections, back siphonage, defective service reser- 
voirs and water tanks, damaged or defective hyd- 
rants or washouts or through inexpert repairs to 


domestic plumbing systems. The following stan- 
dards are recommended: 

1. Throughout any year, 95 per cent of samples 
should not contain any coliform organisms in 
100 ml. 

2. No samples should contain E. coffin lQOml. 

3. No samples should contain more than 30 coli- 
form organisms per 100 ml. 

4. Coliform organisms should not be detectable 
in 100 ml of any two consecutive samples. 

Individual or small community supplies. The coli- 
form count should be less than 10 per 100 ml. 
Persistent failure to achieve this by relatively sim- 
ple sanitary measures, particularly if E. coli is 
repeatedly found, should lead to condemnation 
of the supply. 

Methods 

1. Total content of microorganisms: Plate count: 
A determination of the total number of viable 
bacteria in a water sample, although of limited 
value by itself, gives an indication of the amount 
and type of organic matter present in the supply. 
The test is carried out in duplicate at 20-22’Cand 
37°C. Those that grow at 37°arc those most likely 
to be associated with organic material of human 
or animal origin, whereas those growing at a 
lower temperature are mainly saprophytes that 
normally inhabit the water or are derived from 
soil and vegetables. 

The agar count at 22 , C gives an indication of 
the amount of decomposing organic matter in the 
water available for bacterial nutrition. Though 
most bacteria growing at 22°Care nonpathogenic 
to humans on general grounds, the greater the 
amount of organic matter present, the more 
likely is the water to be contaminated with parasi- 
tic and potentially pathogenic organisms. The 
agar count at 37 °C is a more important index of 
dangerous pollution. A high count is undesirable. 
They may cause spoilage of food and drink in the 
home or more so in the factory. 37®C agar count is 
of particular value in the control of filtration and 
chlorination. With slow sand filters the count 
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should show a 95-98 per cent reduction on that of 
raw water. A rise in colony count is the usual sig- 
nal of some defect in the filter beds demanding 
immediate attention. 

2. Detection of coliform organisms and E. coli. 

a) Presumptive coliform count — Multiple tube 
technique; The test is called presumptive because 
the reaction observed may occasionally be due to 
the presence of some other organisms or combi- 
nation of organisms and the presumption that the 
reaction is due to coliform organisms has to be 
confirmed. 

An estimate of the number of coliform 
organisms is usually made by adding varying 
quantities of water (0.1 ml-50 ml) to bile salt lac- 
tose peptone water (with an indicator for acidity) 
and incubating at appropriate temperatures. 
Acid and gas formation indicate growth of coli- 
form bacilli. Thus it is possible to state the smal- 
lest quantity of water containing a coliform bacil- 
lus and to express the degree of contamination 
with this group of organisms. 

The following range is put up: 

One 50 ml quantity of water, to 50 ml double 
strength medium. 

Five, 10 ml quantiaties each to. 10 ml double 
strength medium. 

Five, 1.0 ml quantities each to 5.0 ml single 
strength medium. 

Five, 0.1 ml quantities each to 5.0 ml single 
strength medium. 

MacConkey’s fluid medium (modified) is used. 


The range of quantities depends on the likely 
strength of contamination. For highly contami- 
nated waters, smaller volumes are tested. The 
bottles are incubated at 37°C and examined 
after 18-24 hours. The ‘presumptive positives’ 
are read off and remaining negative bottles are 
reincubated for another 24 hours. Any further 
positives are added to the previous figures. The 
probable number of conforms per 100 ml are read 
off from the probability tables of McCrady. 

b) Differential coliform test: The Eijkman test 
is usually employed to find out whether the coli- 
form bacilli detected in the presumptive test are 
E. coli. After the usual presumptive test, subcul- 
tures are made from all the bottles showing acid 
and gas to fresh tubes of single strength MacCon- 
key’s medium already warmed to 37°C. They are 
incubated at 44°C and examined after 24 hours. 
Incubation at 44°C should be carried out in ther- 
mostatically controlled water baths that do not 
deviate more than 0.5°C from 44 d C. Those show- 
ing gas in Durham's tubes contain E. coli. From 
the number of positive tubes obtained, results are 
read off the probability tables. When using Mac- 
Conkey’s broth for this test, it is recommended 
that the presumptive positive tubes derived from 
chlorinated waters should be plated on to a solid 
medium to confirm the presence of coliforms, 
since false reactions in MacConkey’s broth, both 
at 3TC and 44°C, may be caused by spore bearing 
anaerobic organisms. Further confirmation of 
the presence of E. coli can be obtained by testing 
for indole production and citrate utilisation. 

c) Membrane filtration method: A measured 
volume of water is filtered through millipore fil- 


TABLE 64 3 

Classification of drinking water according to bacteriological tests 

s Presumptive E. coli count 

coliform count per 100 ml 
per 100 ml 

Class I Excellent 0 0 

Class II Satisfactory 1-3 0 

Class HI Suspicious 4-10 0 

Class IV Unsatisfactory More than 10 0,1 or more 




584 


TEXTBOOK OF MICROBIOLOGY 


ter. All the bacteria present are retained on its 
surface. It is placed on suitable media face 
upwards and incubated at the appropriate temp- 
erature and the colonies that develop on the sur- 
face of the membrane are counted. After 18 
hours of incubation the presumptive coliform 
counts and E. colt counts can be directly made. 

The multiple tube and membrane techniques 
do not give strictly comparable results. 

(All details regarding techniques when using 
millipore membranes are described in Applica- 
tion Manual ‘AM302’ of Millipore Corporation, 
Bedford, Massachusetts, USA.) 

3. Detection of faecal streptococci: Subcultures 
are made from all positive bottles in the presump- 
tive coliform test into tubes containing 5.0 ml of 
glucose azide broth (Hannay and Norton, 1947). 
The presence of Sir. faecalis is indicated by the 
production of acid in the medium within 18 hours 
at 45°C. Positive tubes should be plated on to 
MacConkey’s agar for confirmation. 

Millipore membrane technique can also be 
adopted for this purpose. 

Since bile salt in MacConkey’s medium shows 
variation in its inhibitory powerother media have 
been devised. Bile salt is replaced by 1% Teepol 
610 or by 0.1% sodium lauryl sulphate. The lac- 
tose formate glutamate medium of Folpmer gives 
better results, is cheaper and constant in its compo- 
sition. 

4. Examination for Cl welchii: This is tested by 
incubating varying quantities of the water in 
question in lilmus milk medium (anaerobically) 
at 37°C for five days and looking for stormy fer- 
mentation. 

Virologlcal examination 

The possibility of the transmission of virus dis- 
ease through water free of coltforms cannot be 
overruled though positive evidence is lacking. 
None of the generally accepted methods of sew- 
age treatment yields virus free effluents. Entero- 
viruses, cchoviruses, parvoviruses, reoviruses and 


adenoviruses have been found in water, the first 
named being most resistant to chlorination. If a 
treated water is free of enteroviruses it can be 
considered safe though one is not certain whether 
infective hepatitis viruses also would have been 
simultaneously destroyed. 

In practice, 0.5 mg/litre of free chlorine for one 
hour is sufficient to inactivate virus, even in water 
which was originally polluted. -If not even one 
plaque forming unit (PPU) of virus can be found 
in one litre of water, it can be reasonably assumed 
that it is safe to drink. 

It is not practicable to test for presence of vir- 
uses as frequently as bacteriological examina- 
tion. The frequency of examination done should 
be based on local circumstances. 

The same procedure for collecting samples as 
in the case of bacteriological examination should 
be adopted. The sample should be at least two 
litres in volume and it should be sent to the 
laboratory with the least delay. 

Biological examination 

This is of value in determining the causes of 
objectionable tastes and odours in water, con- 
trolling remedial treatments, in interpretation of 
the results of chemical analyses, and in under- 
standing the causes of clogging in distribution 
pipes and filters. 

Some of the animalcules which are more or less 
firmly attached to the inside of the mains, though 
nonpathogenic themselves, may harbour patho- 
genic organisms or viruses thus protecting them 
from destruction by chlorine. Chlorination at the 
doses normally employed is ineffective against 
amoebic cysts. The following methods can be 
used to collect samples from piped supplies: 

I. From taps: A large volume of water is filtered 
through membrane fillers. After drying they are 
treated with immersion oil, which renders them 
transparent. Direct microscopy is then done. 
Alternatively a special filter device can be 
attached to the tap and a large volume of water is 
allowed to pass through it and the deposit 
examined. 
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2. From mains: A special nylon net or cotton bag 
is attached to the outlet of a hydrant and a section 
of the main washed through using a high water 
flow rate. One can also ‘swab’ a section of the 
mains by special devices. The debris obtained is 
examined. 

In sampling water from nonpiped supplies, the 
procedure is the same as for bacteriological 
examination. Gean bottles of two litre capacity 
can be used instead of sterilised bottles. The 
temperature of the sample should be maintained 
at its Qriginal value and despatched speedily to 
the laboratory. 

Examination for specific pathogens 

In special situations, specific pathogens such as 
S. typhi and V. cholerae may have to be looked 
for in drinking water. They may be isolated by 
employing enrichment and selective media. For 
detection of S. typhi double strength selenite 
medium with an equal volume of water added is 
incubated and subcultured in Wilson and Blair 
medium. For isolation of V. cholerae alkaline 
peptone water (10 X) mixed with nine times its 
volume of water is incubated and subcultured on 
bile salt agar. The isolation of pathogenic bac- 
teria may also be done by the membrane filter 
method already described, but using selective 
media for culture. 

BACTERIOLOGY OF MILK 

Milk always contains bacteria of different types 
derived from various sources such as the animal 
from which the milk is obtained, the milker, the 
milking equipment and in poor countries, the 
water used for adulteration. The dust from the 
environment may also contribute. 

Bacteria are derived from the milk ducts of the 
udder even when utmost aseptic precautions are 
taken. The numbers vary from quarter to quarter 
and from animal to animal. They are highest in 
the foremilk and lowest in the strippings. The 
average plate count in aseptically drawn milk has 
been variously estimated from ten per ml to sev- 


eral thousand per ml. Probably if drawn from 
healthy cows, taking all aseptic precautions it 
would be less than 100 per ml. Unclean udders 
and dust in milking sheds also contribute to bac- 
teria in milk. Unsterile milking equipment is a 
major source of contamination. Disease in the 
animal such as mastitis, tuberculosis and brucel- 
losis is a major hazard. An easily avoidable but 
none the less dangerous source is from the human 
personnel involved in the milking. Though the 
number of organisms are few, they are of consi- 
derable public health importance, if the milker 
happens to be a carrier of typhoid, paratyphoid, 
dysentery and food poisoning bacilli, haemolytic 
streptococci or Corynebacterium diphtheriae. 

Type of bacteria in milk 

These can be classified as below: 

1. Add forming bacteria: Most of these gain 
access to the milk from contaminated utensils. 
Many of them are probably of vegetable origin. 
Some may be from the udder such as staphylococci. 
Thfc commonest organisms are lactic streptococci 
including Sir. lactis and Str. faecalis. Lactobacilli 
are also found. These organisms ferment the lac- 
tose in the milk producing acids, mainly lactic 
acids, which leads to the formation of a smooth 
gelatinous curd. 

2. Alkali forming bacteria: These consist of Alkali- 
genes spp, some aerobic spore bearers and some 
Achromobacter. These render the milk alkaline. 

3. Gas forming bacteria:~,Co 1 i form bacilli are 
the commonest. Others are Cl. welchii and 
Cl. butyricum. Acid and gas are produced. A 
smooth gelatinous curd riddled with gas bubbles 
is formed. Conform bacilli are responsible for the 
ropiness in milk. 

4. Proteolytic bacteria: Spore bearing aerobes 
such as B. subtilis and B. cereus, Proteus vulgaris, 
staphylococci and micrococci come 'under this 
heading. 
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5. inert bacteria: Bacteria which produce no vis- 
ible change in milk are called inert. These include 
some cocci o! the udder, members of the Achro- 
mobacter group and most of the pathogenic 
organisms in the milk. 

6. Human milk : Before the infant is fed, breast 
milk contains in small numbers, Staph, epider - 
midis in every sample, Sfr. mitis in 69 per cent of 
samples, Gaffkya tetragena in 19 per cent and 
Staph , aureus in 13 per cent. A few other species 
may be found in under 10 per cent of samples. 
After feeding, the same organisms arc seen but in 
larger numbers, most of them probably derived 
from the infant’s mouth and maternal skin. 

Milk borne diseases 

1 . Infections of animals that can be transmitted to 
man ■ The most important diseases are tuberculo- 
sis, brucellosis, streptococcal and staphylococcal 
infections, salmonellosis and Q fever. Diseasesof 
less importance include cowpox, vaccinia and 
pseudocowpox (milker’s nodes) which are usually 
transmitted to milkers m the act of milking rather 
than through ingestion of milk. Foot and mouth 
disease, anthrax and leptospirosis have been 
transmitted on rare occasions. Diseases such as 
tuberculosis and brucellosis can lead directly 
or indirectly to contamination of milk. The tick 
borne encephalitis virus may be transmitted 
through goat milk. It has been suggested that 
otherviruse 1 ; such as poliovirus and othcrentero- 
viruses may be transmitted through milk but the 
evidence is not convincing. Milk borne infectious 
hepatitis has been reported on several occasions. 

Occasionally milk may be contaminated with 
StreptobaciUus moniliformis from the nasal secre- 
tion of rats and with Campylobacter fetus, subsp. 
jejuni from animal faeces. Yersinia enterocohtica 
is not uncommon in milk and may give rise to gas- 
troenteritis if present in large numbers. Toxo- 
plasma gondii is sometimes found in human milk. 

The organisms that cause all the diseases men- 
tioned above are destroyed by adequate pasteuri- 
sation 


2. Infections primary to man that can be trans- 
mitted through milk: a) Enteric infections: These 
are caused by the consumption of milk which has 
been contaminated with water contaminated by 
human excreta. A less common source are the 
human carriers of enteric infections employed in 
the dairies. The diseases are typhoid and 
paratyphoid fevers, shigellosis, cholera (rarely) 
and diarrhoea due to entcropathogenic E. colt. 

b) Streptococcal infections: Cows may have 
udder or teat infections and the organisms get 
into the milk. Milk handlers may be carriers and 
may contaminate the milk, c) Staphylococcal 
food poisoning - Milk from cows suffering from 
staphylococcal mastitis is contaminated with the 
organism. If the milk is consumed after being 
allowed to remain at temperatures favourable to 
its multiplication the cntcrotoxin produced by 
the organism causes food poisoning. Many such 
outbreaks have been reported, d) Diphtheria: 
Milk contaminated cither from a human carrier 
or more usually through diphtheritic lesions on 
the teats caused by the practice of wet milking, 
when consumed unpastcurised, leads to disease. 

c) Tuberculosis: Milk contaminated by excre- 
tions from humans suffering from tuberculosis, 
when consumed, leads to the disease. 

Bacteriological examination 

Bacteriological examination of milk attempts to 
determine the number and type of bacteria pre- 
sent in milk as well as to verify whether the 
methods of sterilisation employed have been 
effective. Milk has been classified into several 
grades of purity (tuberculin tested, certified, pas- 
teurised, sterilised, etc.) and different standards 
have been laid down for each of these grades. 

The routine bacteriological examination of 
milk consists of the following. 

i. Viable count: This is estimated by doing 
plate counts with serial dilutions of the milk 
sample. Raw milk always contains bacteria vary- 
ing in number from about 500 to several million 
pcrml. 
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2. Test for colifonn bacilli: This is tested by 
inoculating varying' dilutions of milk into Mac- 
Con key’s fluid medium and noting the produc- 
tion of acid and gas after incubation. Contamina- 
tion with coliforms comes mainly from dust, dirty 
utensils and dairy workers. 

3. Methylene blue reduction test: This is a sim- 
ple substitute for the viable count. It depends on 
the reduction of methylene blue by bacteria in 
milk when incubated at 37°C in complete dark- 
ness. The rate of reduction is related to the 
degree of bacterial contamination. Raw milk is 
considered satisfactory, if it fails to reduce the 
dye in 30 minutes under standard conditions. 

The Resazurin test is similar, but the dye resazu- 
rin, on reduction, passes through a series of col- 
our changes — from blue to pink to colourless — 
the shade of colour after incubation with milk for 
a particular period of time depending on the 
degree of contamination. Generally the 10-min- 
ute resazurin test is done, in which the shade of 
colour is noted after incubation with the milk for 
ten minutes. 

4. Phosphatase test : This is a check on the pas- 
teurisation of milk. The enzyme phosphatase 
normally present in milk is inactivated if pasteuri- 
sation has been carried out properly. Residual 
phosphatase activity indicates that pasteurisation 
has not been adequate. 

5. Turbidity test: This is a check on the ‘sterilisa- 
tion’ of milk. If milk has been boiled or heated to 
the temperature prescribed for ‘sterilisation’, all 
heat coagulable proteins are precipitated. If 
ammonium sulphate is then added to the milk , fil- 
tered and boiled for five minutes, no turbidity 
results. This test can distinguish between pas- 
teurised and ‘sterilised’ milk. 

6. Examination for specific pathogens: a) Tuber- 
cle bacillus: The milk is centrifuged at 3000 
r.p.m. for 30 minutes and the sediment inocu- 
lated into two guinea pigs. The animals are 
observed for a period of three months for tuber- 


culosis. Tubercle bacilli may also be isolated in 
culture. Microscopic examination for tubercle 
bacilli is unsatisfactory', b) Brucella: Isolation of 
brucella may be attempted by inoculating cream 
heavily on serum dextrose agar or by injecting 
centrifuged deposit of the milk sample intramus- 
cularly into guinea pigs. The animals are sacrifi- 
ced after six weeks and the serum tested for 
agglutinins and the spleen inoculated in culture 
media. 

Brucellosis in animals can be detected also by 
demonstrating the antibodies in milk, by the 
milk-ring or the whey-agglutination tests. 

In conclusion, the tests adopted for the routine 
examination of milk should reveal the degree of 
bacterial contamination and thereby enable us to 
know whether the milk is produced and hand- 
led in a hygienically satisfactory manner. The 
plate count gives a rough and direct assessment 
of the viable bacteria in the milk. It is easily ex- 
plainable to the producer and gives a fair idea of 
the improvement or deterioration in the condi- 
tions of production. The colifonn test is useful 
not only in warning us of possible faecal contami- 
nation, but also gives us an indication of contami- 
nation from dust or imsterile utensils. Phos- 
phatase test if positive after proper pasteurisation 
of milk, shows contamination after pasteurisa- 
tion. The dye test is a rough and quick test as to 
the satisfactoriness of the milk as its arrives from 
the producer. 

All these tests have their own drawbacks. Each 
has value if the limitations of the test are kept in 
mind and the test is properly performed. For the 
details of the various tests and the minutiae of 
their interpretaion, standard monographs have 
to be consulted. 


BACTERIOLOGY OF AIR 

In the course of a day a man respires about 500c. ft. 
of air. Hence the bacterial content of the air he 
breathes is important, particularly so when it 
contains pathogens, and that too in significant 
numbers likely to cause disease. The bacterial 
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content of air depends on the location, i e., 
whether it is outdoor air or indoor air. 

The bacterial content of outdoor air depends 
on many factors such as the density of human and 
animal population, the nature of the soil, the 
amount of vegetation, the atmospheric condi- 
tions such as humidity, temperature and wind 
condittons, rainfall, and sunlight. Most of the 
bacteria are nonpathngcnic and even the rare 
pathogen that may contaminate the air is rarely 
able to survive the adverse conditions of the out- 
door air to cause disease. 

Spores and fragments of moulds arc very much 
more than bacteria. Bacteria in upper air consist 
largely of aerobic spore bearing bacilli and to a 
much less extent organisms such asAchromobac- 
ler, Sarcina and Micrococci. The latter arc mainly 
derived from sod and surface dust and arc likely 
to be carried for long distances horizontally and 
vertically for miles. Infective materials arc seldom 
carried for more than short distances and their 
capacity to cause infections is impaired, except in 
rare instances such as foot and mouth disease 
virus. Pathogenic bacteria do not multiply in air. 

In the ease of indoor air, the bacteria may be 
distributed through gross droplets and droplet 
nuclei from nose and mouth and through dust 
particles. Dust consists of particles of varying sire 
originating from animal, vegetable or mineral 
sources. The ultimate source of common 
pathogenic organisms is dust derived from 
humans. Nasal secretions via ala nasi and upper 
lip get carried by hands to skin, clothing and bed- 
ding from where they get detached as dust. 
Organisms may also get directly detached from 
the skin of different parts of the body includ- 
ing perineum and septic wounds. Intestinal 
organisms through dried particles of faeces from 
napkins, and infants also get disseminated. The 
heavy particles fall to the ground while those Ip 
or less in diameter remain mostly suspended in 
air. Haemolytic streptococci from cases or car- 
riers, tubprcle bacilli and diphtheria bacilli and 
staphylococci are found in ward dust where such 
cases are treated. Under favourable conditions 
they may remain alive for many weeks. Bed 


clothes arc an abundant source of hactctia-ladcn 
dust. Desquamated epithelial cells from the body 
get liberated into the environment through physt- 
cal activity. The stream of air enveloping the 
body also serves .is a source of organisms in dust. 

During coughing, sneezing and talking, vary- 
ing numbers of droplets are expelled from the 
body, varying in size from less than one to 15 pm. 
Depending on their size they travel or remain sus- 
pended in air or fall to the ground and in the pro- 
cess get evaporated, the smaller the size, the faster. 
On evaporation they get converted to very minute 
particles called ’droplet nuclei* and their fate 
depends on air currents in the atmosphere. The 
viability of bacteria in the droplet nuclei depends 
on numerous factors and ts unpredictable. Experi- 
ments show that the proportion of dust particles 
and droplet nuclei reaching the lung depend on 
their size. All particles over 5 nm arc retained in 
the nose, most of I pm reach the lung and arc 
retained in the alveoli but below l/«m the propor- 
tion retained in the lung diminishes 

Infective or potentially infective droplets may 
also be liberated in the form of aerosols by vari- 
ous laboratory procedures, dental manipulations 
andinthcflushingorwatcrcloscts. 

Measurement of air contamination 

Sedimentation method: Open plates of culture 
media arc exposed for specific periods, c.g.. half 
to one hour, the plates arc incubated at 37’C for 
24 hours and the number of colonics counted. 
When pathogenic staphylococci and streptococci 
arc looked for, blood agar plates are used. This 
method gives us an idea of the relative number; 
and species of microorganisms present in air and 
is specially used fortesting air in surgical theatres 
and hospital wards. 

Slit sampler Since the plate exposure method has 
many limitations, a more elaborate method, the 
slit sampler, has been introduced. In this, a 
known volume of air is directed onto a plate 
through a slit 0.25 mm wide, the plate being 
mechanically rotated so that the organisms arc 
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evenly distributed over it. One cubic foot 
of air per minute is allowed to pass through the 
slit and samples of 1-10 cubic feet or more are 
tested. 

Though there are no accepted standards of 
bacterial pollution of air, it has been suggested 
that the levels of infection that are acceptable for 
factories, homes, offices and such places as 50 
per ft 3 and for surgical operating theatres pro- 
viding for most forms of surgery as 10 per ft 3 and 
in theatres where operations on the central nerv- 
ous system or dressings for bums are done as 
about one per ft 3 . The great majority of bacteria 
found in the air are harmless saprophytes or com- 
mensals, and even in hospital wards not more 
than one per cent and commonly 0.01 - 0.1 per 
cent of air borne bacteria are pathogens. 


Bacteriological examination of environmental 
dust 

Sweep plate: This is used to examine personal clo- 
thing, bed clothes and domestic fabrics such as 
curtains, carpets, etc. for the presence of patho- 
genic bacteria liable to be liberated in dust. A 
Petri dish containing the medium is removed 
from its lid and rubbed to and fro on the surface 
of the fabric, the medium faring the fabric. The 
edges of the plate while scraping the fabric throw 
up the dust onto the medium. About 10 or more 
sweeps are made with the plate. 

Dust on floors: Cottonwool moistened with broth 
are used to collect the sample and the swab is 
plated out. 
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Medical Mycology 


Fungi had been recognised as causative agents of 
human disease earlier than bacteria. Fungi caus- 
ing fovus (Trichophyton schonteinii ) and thrush 
(Ca ndida albicans ) had been described as early as 
into. In spite of the earlier beginnings, the study 
of pathogenic fungi has received only scant atten- 
tion in comparison with the study of the other 
pathogens. This is probably due to the relatively 
benign nature of the .common mycotic diseases 
and because~the techniques employed in mycology 
are more those of botanists than of bacterio- 
logists. Fungus infections, however, are extre- 
mely common an$i some of them are serious and 
even fatal. With the control of most bacterial 
infections in the developed countries, fungus 
infections have assumed greater importance.'For 
instance, it has been stated that in the USA fun- 
gus infections cause as many fatalities today as 
whooping cough, diphtheqa, scarlet fever, 
typhoid, dysentery and malaria put together. 
Most fungi are soil saprophytes, and human 
infections arc mainly* opportunistic. Modem 
advances In Treatment, such asantibiotics, 
steroids and immunosuppressive agents have led 
to an increase in opportunistic fungus infections. 

Fungi are e ukaryotic protists that differ from 
bacteria and'other prokaryotes in many ways. 
They possess rigid cell walls containing chitin, 
man nan and other polysaccharides. The cyto- 
plasmic membrane contains sterols. They possess 
true nuclei with nuclear membrane and paired 
chromosomes. They divide asexually, sexually or 
by both processes. They may be unicellular or 
multicellular. The cells show various degrees of 
specialisation. 

The simplest type of fungus is the unicellular. 


budjinp yeast F- longatioti of the cell produces a 
tubular, thread-like structure called Jjvpha. A 
tangled mass of hyphae constitutes the mvcefuim. 
Fungi which form mveeli.a .ire called moulds or 
filamentous fungi. Hy phae may be septate or 
nonseptate. The septa, when present, have holes 
through which free flow of cytoplasmic material 
can take place. In a growing colony of filament- 
ous fungus, the mycelium can be divided into the 
ve getative myceliu m which grows into t the 
medium and the aerial mycelium which projects 
from the surface. 

s Depending on cell morphology, fungi can be 

divided into four classes: yeasts, ve ast-like fungi . 
moulds a nd dimorphic fungi,. 

Yeasts are unicellular fungi whi ch occur as spheri- 
cal or ellipsoidal cells and repr oduce by si mple-, 
budding. On culture, they form smooth, creamy 
colonies. Th e only pathogenic yeast is Crvntocaci ^ 
cos neoformnns. 


Yeast-like fungi grow partly as veast a nd partly as 
elon pale d cells, . resembling hyphae. The latter 
form a pseiuioimccUnm C ajidida albicans is a 
pathogen igveast^ i ke fu ngt»s. 

Moulds or filajnentpus- fungi form true tnvceJia 
and reproduce by the formation of different types' 
of spores ^ Dermatophytes are examples of. 
p athogenic moulds . 


Dimorphic fungi can .o ccur as filamems.Q I as., 
vtasts^dependingon the conditions of growth. I n 
host tissues or cultures at 37°C they occur as 
yeasts, while in the soil ahd in cultures at 22°C 
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tbey^ap^caijiS-inQulds, Most fungi causing sys- 
t emic infections are dimorphic fungi^. 

, ' Tile systematic classification of fungi, based on 
j^Xheir sexual spore formation, recognises four 
classes. Ph\^omvcetesare lower fungi which hav e 
nd form endogenous asexua l 
contained 


within swollen sachke structures called ‘sporan- 
gia^. Phycomyceies v also produce sexual spores 
known as' oo. {pores i n some fungi and zygospores 
in some others. The other three classes (the 
higher fi^ngi) have s eptate hvphn e and form 
exogenous asexpal, spores called ‘ co.nidia*. Th e 
Ascomvcetes form -sexual spore s (ascospores ) 
within a sac or ascus. Ascomycetcs include both 
ye asts and filamentous fungi Th e Basidiomv- 
cefes form sexual spore s (basidio s pares J on a 
I hflgidium* or h aseJThe f ourth class. Fund imper- 
fect! (also called Deuteromvcetes o n Hyphomy- 
cetcsj , is a provisional group consisting of fungi 
whose sexual phases have not been identified . 
Most fungi or medjcajimportancc belong to this 
group. ‘ * • 

The laboratory’ diagnosis of fungus infections is 
made bjj jmcroscopic examinatio n of materials 
from* the lesions and by morphological study of 
funfcus isolates. Tissue specimens, such as sk in 
scra pings arc g enerall y exam ine d_asjwet-mminTs 
a fter treatment with 10% potas si um hydroxide . 
The alkali digests cells and other tissue materials, 
enabling tlTe fungus elements to be seen clearly. 
Small bits of fungus colonies may be teased on to a 
slide and mountra^it lactophenol cotton blue for 
microscopic stuU yBlide culture provides a useful 
technique for the study of fungus morphology. 
The periodic acid Schiff (PAS) and methanamine 
silver status are valuable mcfho3s - ~For~lKe"' 


demonstration of fungal elements in tissue scc- 
ions. 

it commonest culture media used in myco- 
logy are Sabouraud’s g lucose agar (p H 5.4), 
Czapek-Dox mediu m and Commeal aga r. The 
addition of antibiotics prevents bacterial con- 
tamination. Cvclohexim ide (actidione) j ncorpo- 
rated in the medium inhibits many contaminant 
moulds. Cultures are routinely incubated in 


parallel at room temperature (22 6 C) for weeks 
and at 37°C for days. Identification is based on 
the morphology of the fungus and of its colony. 
Biochemical and serological tests, which form the 
mainstay ot bacterial identification, are seldom 
employed in mycology. Diagnostic mycolog y 
rests largely on a detailed study of the mor- 
phological evolution of the isolate and has there^ 
fore been termed an ‘exercise in contemplative 


observation*. 

Growth characters useful for identification are 
the rapidity of grow th, colour and morphology of 
the colony on the obverse and pigmentatio n^n 
the reverse. The morphology of hyphae, spores 
and other structures is studied in teased mounts 
or slide cultures. Hyphal diameter, presence or 
absence o f septa a nd of special structures are of. 


„ 

diagnostic importance. Special hyphal structur es L^. 

... ^ , 


f requently found arc spring-like helical cnils . fspi* 
r al hvnhae). localised swellings formed by tightly 


twisted hyphae resembling t ennis racquets frac- 


quet hyphae) an d numerous short branches 
appearing at the ends of hyphae 
deiier) ( Fig. 65.1). The morphology of asexut^ c^ 
spores or conidia is_of diagnostic importances 
They may be small, single-celled ‘ microconidia ’ 
or large, single or multicclled ‘macroconidia’ 

The type of spore formation is dTstinctive tordif- 
ferent fungi. ‘ Blastosporcs* are formed bv hud- . 
ding, as in veasts. ‘ Arthrospore s* arc formed 
along the mycelium by segmentation and conde n- 
ses' are thick 


walled resting spores formed by rounding up and 
thickening of hyphal segments. 


MYCOSES 

(FUNGUS INFECTIONS) 


Human fungus infections are broadly of two 
types — superficial -•md deep scated-^syslgg)ic)-‘ 
Superficial infections are by far commoner and 
comprise the various types of tinea or'rira iwona 
affecting the skin, hair and nails. T jiese are mild 
though chronic diseases. Fungi causing su peril* 

capacity to digest keratro- Systemic mycoses 
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Fig. 65 l Mycelial forms and asexual spores of fungi 1 spiral 
hypha. 2 nodular organ. 3. racquet mycelium. 4 fjvic 
chandelier, 5 chlamydospores along hypha, 6 arthro- 
spores 

arc caused by fungi that are mostly soil sapro- 
phytes. Infection is accidental. Systemic mycoses 
occur invarying degress ot severity, ranging from 
asymptomatic infection to fatal disease. 

A third type of fungus infection is opportunist ic 
infection, occurring in patients with debilitating 
diseases such as cancer or diabetes, or in whom 
the physiological state has been upset by 
immunosuppressive drugs, steroids. X-rays ot 
broad spectrum antibiotics. Opportunistic infec- 
tions arecaused mainly by fungi that are normally 
avirulent, such as Mucor, Penicilhuni and Asper- 
gillus t. 


phytosis ca used by a group of related fungi called 
tTie dermatophytes. Infection is generally con- 
fined to the. cornifie d layer of t he skin and its 
appendages, buFa variety ot inliammatory and 
allergic responses are induced in Ihe hosrby the 


ducts. Another type of cutaneous infection is 
caused by Candida albicans. Though Candida 
infection is mostly confined to the skin and 
mucosa, it can also cause systemic disease rarely, 
involving any organ. Candida infection, there- 
fore, represents a bridge connecting superficial 
and deep mycoses. 


Pityriasis versicolor u — ^ 

Pityriasis versicolor (Tinea versicolor) is a chronic, 
usually asymptomatic involvement of the stratum 
corneum, characterised by discrete or conflu ent 
macular areas of disco louration ortfep igmen ta- 
tion of the ski n, llie areas involved are mainly 
the chest, abdomen, upper limbs and back. The 
causative agent is a lipophilic, yeast-like fungus 
Ptlvrosporum orbietdare (Malassczia furfur). 
The "disease is worldwide in distribution, but is 
particularly prevalent in the tropics. It occurs 
mainly in young adults. Diagnosis is established 
by examination of skin scrapin gs, which show an 
abundance ofyeast-like cells and short, branched 
filaments (F»gT faS.2) . 1 he lungus can be grown on " 
Sabouraud's agar, covered with a layer of olive 
oil. The fungus may by demonstrated on the nor- 
mal skin also and the disease may be considered 
an opportumsitic infection. 


SUPERFICIAL MYCOSES Tinea nigra 


Superficial mycoses are of two types — surface 
infections and cutaneous infection s. In the 
former, the fungi live exclusively on the dea d 
layers of the skin and its appendages. They have 
no contact with living tissue and hcncc elicit no 
i nflammato ry response. The only changes pro- 
duced arc cosmetic effects. Tinea, versicolor . 
Tinea nigra and Piedra fall into this group. The 


Tinea nigra i s a localised infection of the stratum 
corneum, particularly of the palms , producing 
black or brownish macular lesions. It is found in 
the tropics and is caused b y Cltido\ [>' ir "» > ' man - — 
spin-in Asia and Africa anUby C. wernectii in 
America. Skin scrapi ngs show bTcnvnish. bran- 
ched, septate hvnhae nndbuddmgcell s. Colonies 
on Sabouraud's medium are grey or black in col- 
our. 
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T*ig. 65.2 Piiyrosponwi orbicularc • in stratum corncum Clu- 
sters of small, round, budding yeast cells are interspersed 
among septate branching hyphae . Skin scraping. KOH pre- 
parations. 

Piedra 

Piedra is a fungus infection of the hair, charac- 
terised by the appearance of firm, "irreg ular 
nodules along the hair shaft . The nodules are 
composed of fungus elements cemented together 
on the hair. Two varieties of piedra are recog- 
nised — black piedra caused by Piedraia hortai 
and white piedra^. caused by Trichosporon 
cutaneum. 



The dermatophytes are a group of closely related 
fil amentou s fungi that infect only superficial 
keratimsed nssueT~= — t he skin, hair and na ils. 
They cause a variety of clinical conditions, collec- 
tively known as dermatophytoses, popularly cal- 
led tinea or ringworm. The term dermato- 
mycosis, sometimes usecTas a synonym, would 
include also skin lesions produced by other fungi 


such as Candida albicahs and also the cutaneous 
manifestations of systemic mycoses. 

Dermatophytes have been classified into three 
genera — Trichophyton, Microsporum and 
Epidermophvton. About 40 species of der- 
matophytes are known to cause infection in man 
and animals. 

In lesions, dermatophytes appear a s hypha e 
and arthrospores. In cultures on Sabouraud’s 
agar, they form characteristic colonies c onsisting 
of septate hyphae and two types of asexual 
spores, microconitff a and _macroconi_d ia Sexual 
spores of some species have been identified 
recently. Differentiation into the three genera is 
based mainly on the nature o f macfocOnid ia (Fig 
65.3). 



Fig 65 3 Macrocomdia of dermatophyte* Cylindrical in Tri- 
chophyton, fusiform in Microsporum, and club shaped in 
Epidermophyton. 

Trichophyton: C olonies may b e powdery, velvety 
or waxy, with pigmentation characteristic of dif- 
ferent species. Microconidia are abundan t and 
are arranged in clusters along the hyphae or 
borne on conidiophorcs. Macroconidia are rela- 
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tively scanty . They are generally c kingated, with 
blunt end s (Fig. 65.4). Macrocomdia have dis- 
tinctive shapes in different species and arc of 
importance in species identification. Some 
species possess special hyphal characters, such as 
spiral hypbae, racquet mycelium and favic_chan- 
rs'. ‘1 fiihopliytons mtcct skin, hair and nails. 
T. ntbrum i s the most common species infecting 
“man. It often causes chronic, treatment resistant 
lesions. 


Microsporirn: Colonics are cottony, velvety or 
powdery, with white to brown pigmentation. 

1 arc not 


distinctive, j 
spore form . They ar e large, multicellular, spindle 
is, borne singly on the ends of ~ 


hyphae. Microsporum species infect the hair and 
shin, but usually pot the nails. 


Epidcrmophyton: Colonies are powdery and 
l« 65 4 TMophym wbr.rn culture mourn skoumg greennh ydlow in colour. Mkmmnillw_are 
micnxoTmJia along sides o( hyphae, ord long cylindrical absent Macrocomdia are multicellular . JSJt 
macrocomdia. s haped and typically arranged clusters. Epider- 


TADLE 65 I 

Some characteristic of common dermatophytes 


Species 

Colony 

Morphology 

T. rubrum 

Velvety , red pigment 
on reverse 

Tew, long, pencil shaped 
macroconidia 

T. inerttagroph) les 

White to lan. cottony or 
powdery. Pigment variable 

Clusters of microconidia. 

Cigar shaped macrocomdia 
with terminal rat-lail filaments 

T tonsurans 

Cream or yellow, with 
ttntttM arrows 

Abundant microconidia. Thick 
«'j i'i eti , inegu'i ar m acrocunni ia 

T schoenlemn 

Smooth, waxy, brownish 

Hyphal swellings, chlamydo- 
sporcs. fa vie chandelier 

T i lolaccuni 

Very stow growing Waxy, 
violet lo purple pigment 

Distorted hyphae, Conidia 
rare 

M. uudotiinit 

Velvety, brownish, slow 
growing 

Thick walled chlamydosporcs. 
conidia rare and irregular 

M cams 

Cottony, orange pigment 
on reverse 

Abundant, thick walled 
spindle shaped macroconidia 
withupto 15 septa 

M gypseum 

Paw dcry , buf f-colourcd 

Abundant, thin watted macro- 
comdia with 4-6 septa 

1'.. floccosum 

Yellowish green. Powdery 

Club shaped macriKomdw in r 
clusters 
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mophyton attacks the skin and nails, b ut not the of the scalp . ‘Favus' is a chronic type of ring worm 
hair. The genus contains only one species, in which dense crust (scutula) develop in the hair 
fcjloccosum^ follicles, which lead - to alopecia and scarri ng. 

Tabte"65Tl shows the important differentiating Scalp infection sometimes produces severe boggy 
features of some common dermatophytes. • lesions with marked inflammatory reaction called 

‘kerion’. Table 65.2 lists the clinical types of der- 
Pathogenicity: Dermatophytes grow only-on-the matophytoses and their common causative 
keratinised layers o f the skin and its appendages agents, 
and do not ordinarily penetrate into the living tis- 
sues. The mechanisms of pathogenesis in der- Laboratory diagnosis: The routine method of 
matophytosis are not clear. Fungal products may diagnosis is by the examination of KOH mounts., 
be responsible for inciting local inflammation. Scrapings are taken from the edges of ringworm 

Hypersensitivity to fungus antigens may play a lesions. The specimen is mixed with a drop of 
role in pathogenesis and is probably responsible 10% KOH on a slide , and after placing a coversUp, 
for the sterile vesicular lesions sometimes seen in the preparation is gently heated to bring about 
sites distant trom the ringworm. These lesions are ‘clearing’. Microscopy reveals branched septate 
called ‘ dermatophytids ’ (or the ‘jcT_reactian). hyphae (F ig. 65.5). Selection of infected hair for 
Hypersensitivity cari“be demonstrated by skin examination is facilitated by exposure to UV light 
testing with the fungus antigen, trichophvtin. ( Wood’s lam p). Infected hair will be fluorescent. 

Clinically, ringworm can be Cl^sTfieddepend- Two types of hair infection may be distinguished 
ing on the site involved. Tinea corporis ( Tinea in wet mounts, ‘ectothrix’ in which arthrospofes 
glabrosa) is ringworm of the smooth or non-hairy arc seen as a sheath surrounding the hair and *en- 
skin of the body. A special type is Tinea imbricata dorthrix’ in which the spores are inside the hair 
which is found in the tropics and is charactensecT shaft (Fig. 65.6). Demonstration of fungus in 
by extensive concentric rings of papulosquamous nails m ay be difficult and may be possible only 
scaly patches. Tine a cruris is involvement of the "aiter clearine with KOH fora day or two , 
groin and the perineum, Tine a barbae or barber’s Species identification is possi bl e only by cu l- 
itch is involvement of the bearded areas of the jural examination . Specimens are inoculated on 
face and neck. Tinea pedis- or athletes’ foot is Sabouraud’s medium (w ith antibiotics and cyc- 
ringworm of the foot and Tinea capitis ringworm loheximide) and incubated at room temperature. 


TABLE 65 2 

Clinical types of dermatophytoses and their common causative agents 

Disease 

Common causative agents 

Tinea capitis 

Microsporum any s pedes. 


Trichophyton most speries 

Favus 

T. schoenleinii, T. \iolaceum, M. gypseum 

Tinea barbae 

T. ntbntm, T. mentagrophytes, T. \ ermcosum 

Tinea imbricata 

- T. concentricum 

Tinea corpons 

T. rubrum and any other dermatophyte 

T. cruris 

E. foccosum. T. rubrum 

T. pedis 

T. rubrum. E. foccosum 

Ectothrix hair infection 

Microsporum spedcs, T. rubmm. 


T. mentagrophytes 

Endothrix hair infection 

T. schoenleinii, T. tonsurans. T. i tolaceum 
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Pig 65 5 Dermatophyte hvphje in skin scraping. KOH mount 
Pauly digested epithelial cells torm the background 


Growth is slow and colonics may appear only in 
one to three weeks. 


Epidemiology: Dcrmatophy tosis occurs through- 
out the world, but certain types of disease and 
some species of fungi show geographically 
restricted distribution. Social and cultural pat- 
terns also influence dermatophytoses. Tinea 
pedis, so common in the temperate climates 
where all wear shoes, is rare in the tropics where 
most walk barefooted. Many factors, such as age, 
hormones and intercurrent diseases, affect the 
susceptibility to dermatophytosis. 



I ms M h Ectothtw anjcndatlmv l\fnr*o(h.ni wfeetton 

1 eciothmnf^fciihfungilarthmspores surrounding hair 

2 crtdoihmt)pc»h0»ingarthriwppfe*inM<Jch3!r*hafi 

) 


Depending on their natural habitat, der- 
matophytes may be classfied as anthropophilic, 
zoophilic and geophilic species. Man is the mail} 
or only host for anthropophilic dermatophytes. 
T. rubrutn , E. floccosum and A/.' audouinii are 
examples. They cause mild but chronic lesions. 
Zoophilic species are natural parasites of ani- 
mals. Examples arc T. verrucosurn in cattle and 
Af. canis in dogs and C3ts. Human infections with 
zoophilic dermatophytes cause severe inflamma- 
tion, but are more readily curable. Geophilic 
species, which occur naturally- in soil are rela- 
tively less pathogenic for man. Examples arc 
Af. gypseum and T, ajelloi. 


Treatment: Topical antifungal a gents are usually 
effective T. rubrutn infections may be resistant 
to" treatment. Oral griseofulvin is the drug of 
choice. t , 


Candidosis (candidiasis, moniliasis) is an infcc- 
tion of the skin, mucosa, and rarely of the inter- 
nal organs, caused by a yyast-like fungus Candid a 
jjlbicans, and occasionally, by other Candida 
"species. '* * .i • 

Candida albicans is an ovoid or Spherical bud- 
ding cell, which produces pseudomvcel ia both in 
culture and in tissues (Fig 65.7). Candida species 
are normal inhabitants of the skin and mucosa. 
Candidosis is an opportunist endogenous infec - 
tion, the commonest predisposing factor being 
Hinbetc s. _ 

Cutaneous candidosis may b ejntertriginousor 
paronychia! . The former is an erythematous, 
scaling or moist lesion with sharply demarca ted 
'b orders , where papular lesions are most promi- 
nent. The sites affected arc those where the skin 
is macerated by perspiratio n — groin, perineum . 
axillae and inframammary folds . P aronychia and. 
onyc hia arc seen in occupatiiihs that .lga.d_to.fre- 
quent immersion of the hands in water . 

I Common mucosal lesions arc vaginitis ch arac- 
/terised by an acidic discharglTand tuumTfrc- 
jquemly in pregnancy, and o ral thrus h found com- 
J/monly in bottlefcd infantf2nd the aged anddebli- 
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Fig 65 7a Yeasts and chlamydospores of Candida albican t 



Fig 65 7b Candida albicans in a Mamed specimen of sputum 
The presence of hyphal elements in addition to yeast forms 
indicates colonisation of tissue by the orgjnism. 


tated. Creamy white patches appear on the ton- 
gue o^buccaTmucol^traiteavraTSaTraflTT^trr- 
faceori removal. “ 

Intestinal can didosis is a frequent sequel to 
oral antibiotic therapy'and may present as diar - 
rhoea not responding to treatment. Bronchopu l- 
monary candidosis is seen as a rare complication 


of preexisting pulmonary or systemic disease. 
Systemic infections, such as septicaemia, endo- 
carditis and meningitis may occur as terminal 
complications in severe generalised diseases such 
as leukaemia and in persons on prolonged 
immunosuppression. Candida granuloma an d 
chronic mucocutaneous candidiasis are serious 
manifestations seen in immunodeficiencies . 

Diagnosis can be established by mjeroseppy 
and culture . Wet films or Gram stained smears 
from lesions or exudates show budding Gram 
positive cells. As Candida can be seen on normal 
skm or mucosa as well, only their _abundant Pre - 
sence is of significance. D emonstration of myce- 
lial forms indicates colonisation and tissue inva- 
sion and is, therefore, of greater significance. 
Cultures can be obtained readily on Sabourau d’s 
and on ordinary bacteriological culture media 
Colonies ar e creamy white, smooth and with ji 
y easty odou fTCanilida albicans can be identif ied 
from other Candida species stellaioictae, 
C. fropicolis, C. pscudotropicalis, C. krttset, C.gml- 
licnnondt't, C. parapsilosis, C. viswanaihii) by 
growth characte ristics and sugar assimilation and" 
ferment :ion tests, c .albicans alone fo rms 
chlamvdo spores on corn meal agar cultures at 
20°C. A rapid method of identifying C. albicans is 
based on its ability to form germ tubes within two. 
hours when incubated in human seTd m at 37°C 
(Reynolds-Braude phenomenon). 

Agglutinins appear in the sera of patients, but 
as they are frequent in normal persons also, they 
are not helpful in diagnosi s. Delayed hypersensiti- 
vity to Candida is so universal that skin testing with 
Candida extracts is used as an indicator of the 
functional integrity of cell me diated immunity.^. 

Management of candidosis is mainly by removing 
the predisposing causes. All Candida strains are 
sensitive to Nvstatin. bu t as it is poorly absorbed 
from the guT, it is~notuseful in systemic diseases. 
Amphoterici n B, 5-fluorocytosine and clotrima- 
zole may be used for disseminated candidosis. 

DEEP MYCOSES \/ 

Deep mycotic infections may be classified as 
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those that affect mainly or exclusively the sub- 
cutaneous tissues (subcutaneous or intermediate 
mycosis) and those that involve internal organs 
(deep seated or systemic mycoses). 

Subcutaneous mycoses: 

1 . Mycotic mycetoma 

2. Chromoblastomycosis 

3. Sporotrichosis 

4. Rhinospo ridiosis 

5. Subcutaneous phycomycosis 


Systemic mycoses: 

1. Cryptococcosis 

2. Blastomycosis 

3. Paracoccidioidomycosis 

4. Coccidioidomycosis 

5. Histoplasmosis 


Mycetomas are chronic, slowlyprogressive infec- 
tions of the subcutaneous tissue, usually of the 
foot and rarely of the other parts of the body. The 
disease was originally reported by Gil! (1842) 
from Madurai, South India, and Carter (I860) 
established its fungal aetiology. It is therefore 
commonly known as Maduramycosis or Madura 
foot. However, this conditon had been referred 
to in the Atharva Veda as P3davalmlka (Foot 
anthiH). It is seen mainly in the tropics, though 
occasional cases have been reported from temp- 
erate countries. Us incidence varies markedly 
from one place to another; for instance in India, it 


is quite common in Tamil Nadu, but rare in 
Kerala. 

Mycetomas may be caused by a number of 
actinomycetes and filamentous fungi. A similar 
condition called ‘bcjtryomycosis’ is caused by 
Staphylococcus aureus and some other bacteria. 
Aetiological diagnosis, therefore, is of impor- 
tance in treatment. 

' The causative agent is believed to enter 
through minor trauma. The disease usually 
begins as a small subcutaneous swelling of the 
foot, which enlarges, burrowing into the deeper 
tissues and tracking to the surface as multiple 
sinuses discharging viscid, seropurulent fluid 
containing granules. These ‘granules’ or ‘grains' 
are microcolonies of the aetiological agents and 
their demonstration is of diagnostic value. The 
colour and consistency of the grains vary with the 
different agents causing the disease (Table 65.3). 
In actinomycotic mycetoma, the grains will be 
composed of very thin (less than 1 n in diameter) 
filaments, while in mycotic lesions, they will be 
broader 'and often show septae and chiamydo- 
spores. Actinomycotic lesions may respond to 
sulphonamides and antibiotics, but mycotic 
lesions are resistant and may require amputation 

Chromomycosis 

The term chromomycosis includes a group of 
clinical manifestations caused by various 
dematiaceous (pigmented) fungi. 

1. Chromoblastomycosis: The most common 


TABLE 65 3 

Colour of grains in mycelomas of various aetiology 


Colour of grain 


White to yellow 

Brown to black 

Red 

Nocardta asteroides 
Nocardia brasiUensu 
Actmomadura madurae 

Madurella mycetomi 

M adurella gruea 
Phiatophora jeanselmei 

A ctinomadura peUetiens 


Streptomyces somaliensis 
AKeschena boydit 
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form of chromomycosis is known as chromoblas- 
tomycosis or verrucous dermatitis. The lesions 
consist of warty cutaneous nodules which resem- 
ble the florets of cauliflower. The disease is usu- 
ally confined to the subcutaneous tissue of the 
feet and lower legs. 

The aetiological agents are soil inhabiting fungi 
of the family Dematiaceae. They gain entrance 
through the skin by traumatic implanation. The 
lesion develops slowly around the site of implan- 
tation. The most common fungi responsible are 
Fonsecaea ( Hormodendrum ) species — F. ped- 
rosoi, F. compactum, F. dermatitidis; Phialophora 
species P. verrucosa and Cladosporium species 
— C. carrionii. Infections caused by F. pedrosoi 
and P. verrucosa have been reported to dissemi- 
nate to other areas, especially brain. 

Histologically, the lesions show the presence of 
the fungus as round or irregular, dark brown, 
yeast-like bodies with septae, called sclerotic cells 
(Fig. 65.8). Diagnosis can be established by 
demonstration of these sclerotic bodies in KOH 
mounts or in sections, and by culture on 
Sabouraud’sagar. 

The disease is mainly tropical and is more com- 
mon among barefooted agricultural workers and 
wood cutters. 



Fig 65 8 Chromoblastomycosis KOH mount of lesion show 
ittghrgc septate 'sclerotic bodies'. 

Amphotericin B, thiobcndazole and 5-fluoro- 
cytocine have been found useful in treatment. 


2. Other infections caused by dematiaceous fungi 
(Phaeohyphomycosis): This group includes 
localised or systemic infections caused by certain 
species Phialophora, Cladosporium or other 
dematiaeceous soil fungi, showing brown fila- 
ments in the affected tissues. The sites of lesions 
may be cutaneous, subcutaneous, deeper tissues, 
or organs like brain or lung. The tissue reactions 
and morphology of the fungus in lesions differ 
from those seen in chromoblastomycosis. Sclero- 
tic cells or granules are not found. The fungi 
appear in lesions as distorted hyphal strands. 
Phaeohyphomycosis is generally seen in debili- 
tated or immunodeficient hosts. Some of the clin- 
ical types are: 

1. Brain abscess caused by Cladosporium ban - 
tianum, and 

2. Subcutaneous or intramuscualr lesions with 
abscesses or cysts containing masses of brown 
hyphae (formerly known as phaeosporotrich- 
ose) caused by Phialophora jeanselmei, P. 
spinifera, P. dermatitidis or P. richardsiae 

Sporotrichosis/ 

Sporotrichosis is caused the fungus Sporothrix 
(Sporotrichum) schencktt and is characterised by 
the development on the skin , in subcutaneous tis- 
sues and in lymph nodes, of nodules which soften 
and break down to form indolent ulcers. The fun- 
gus is a saprophyte found widely, on plants, 
thorns and timber. Infection is acquired through 
thorn pricks or other minor injuries. Rare 
instances of transmission from patients and 
infected horses and rats, have been recorded. 
The disease is worldwide, though most cases 
occur in the USA. 

The fungus spreads from the primary site 
through lymphatics, but seldom extends beyond 
the regional lymph nodes. Most cases occur in the 
upper limb. In infected tissues, the fungus is seen 
as cigar shaped yeast cells, without mycclia. 
Sometimes 4 asteroid bodies* arc seen in the 
lesion, composed of a central fungus cell with 
eosinophilic material radiating from it. 

Diagnosis is made by culture as frequently the 
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Fig 65 9 Sporothrtx (Sporotnehum) schrneklr culture mount showing fine branch- 
ing hyphae and pear shaped tomdia home m rosette like clusters at tips of lateral 
branches and singly along sides of hyphae 


fungus m3y not be demonstrable in pus or tissues. 
S. schenckti is a dimorphic fungus occurring in the 
yeast phase in tissues and in cultures at 37°C, and 
in the myceltat phase in nature and in cultures at 
room temperature .The septate hyphae arc very 
thin (1-2 n diameter) and carry flower-like clus- 
ters of small conidta borne on delicate stcrigmata 
(Fig. 65.9) Rats are highly susceptible and can be 
infected by intrapentoncal or mtratcsticular 
inoculation 

Rhinosporidiosis 

Rhinosporidtosts is a chronic granulomatous dis- 
ease characterised by the development of friable 
polyps, usually confined to the nose, mouth or 
eye, but rarely seen on the genitalia or other muc- 
ous membranes. Though the disease was first 
identified in Argentina, the large majority of 
cases come from India and Sri Lanka. While the 
disease is generally confined to mucous mem- 
branes, haemntogenous dissemination has been 
recorded very rarely. 

Histologically the lesion is composed of large 
numbers of fungal spherules embedded in a 
stroma of connective tissue and capillaries. The 
spherules are 10-200 p in diameter and contain 
thousands of endospores (Fig. 65.10). 

The causative fungus Rhihosporidium seeberi 
has not been cultivated. The mode of infection Is 


not known though infection is believed to origi- 
nate from stagnant water or aquatic life. 



Fig 65. in Rhinos pondmm Mature sporangium (centrally 
located) in the stroma of a lesion 




Subcutaneous phycomycosls 


In this condition, originally reported from 
Indonesia and subsequently identified in many 
Asian and African countries, a painless sub- 
cutaneous nodule develops which enlarges to 
involve a whole limb or large areas of the body. 
The causative agent is Basidioboltts haptosportts. 
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a saprophytic phycomycete found in decaying 
vegetation and in the intestines of many reptiles 
and amphibians. It has been suggested that the 
infection maybe acquired by insect bites. 



Cryptococcosis is a subacute or chronic infection 
caused by the yeast Cryptococcus neoformans. It 
is a round or ovoid budding cell. 4-20/* in diame- 
ter, with a prominent polysaccharide capsule 
(Fig. 65.11). It is a soil saprophyte and is particu- 
larly abundant in th <^£ac£Cfcof -pi ge m rytm d^ther 
hirils . . . 

Infection is usually acquired by inhalation, but 
may sometimes be through skin or mucosa. Most 
infections are asymptomatic. Pulmonary cryp- 
tococcosis may lead to a mild pneumonitis. As no 
calcification occurs, healed pulmonary lesions 
are not evident radiologically. Dissemination of 
infection leads to visceral, cutaneous and 
meningeal disease. Visceral forms simulate 
tuberculosis and cancer clinically. Bones and 
joints may be involved. Cutaneous cryptococco- 
sis varies from small ulcers to large granulomas. 
Crypt ococcal meningitis is the most serious type of 
infection and can resemble tuberculous or other 
chronic types of meningitis. Its onset is insidious 
and the course slow and progressive. 


Diagnosis is established by demonstration of 
capsulated, budding yeast cells in the lesions and 
by culture. The capsules stand ou t injndian.inl^ 
preparations. The fungus grows readily on 
Sabouraud's agar forming smooth, mucoid, 
cream coloured colonies. The ability to grow 
at 37°C and hydrolyse urea differentiates 
C. neoformans from nonpathogenic cryptococci. 
Pathogenicity can be demonstrated by intracere- 
bral or intraperitoncal inoculation into mice, 
which develop a fatal infection. Capsulated bud- 
ding yeast cells can be demonstrated in the brain 
of infected mice. 

Two perfect stages of the fungus have been dis- 
covered. They belong to the class Basidiomycetes 
and have been termed Filobasidiella neoformans 
and F. basUispora. 

Four serological types of cryptococcal capsular 
polysaccharide — A, B. C and D — have been 
identified. Demonstration of the capsular anti- 
gen by precipitation can sometimes be valuable j n 
diagnosing some cases of cryptococcal menin- 
gitis. when the CSF is negative by smear and cul- 
ture. Amphotericin B. 5-fiuorocytosine, clotri- 
mazole and miconazole arc useful in the treat- 
ment of the disease. 

Cryptococcosis is worldwide in distribution. 
As it was originally reported from Europe. it us(; d 
to be known as 'European blastomycosis'. Scv- 



Frg 65.1 1 Cnptococcus neoformans. Indian ink preparation of spinal fluid showing 
ycJM cells surrounded by a la rge capsule. 
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eral cases of cryptococcosis have been identified 
in India, this being the only deep mycosis com- 
mon in this country. C. neoformans can produce 
disease in animals, particularly mastitis in cattle. 
The role of animal cryptococcosis in causing 
human disease is not known 

Blastomycosis 

This is a chronic in(oeti©n_£aused by the dimor- 
phic fungus Blastomyces demmtittd is. charac- 
terised by the formation of suppurative and 
granulomatous lesions in any part of the body, 
but with a marked predilection for the lungs and 
skin. As the infection is largely confined to the 
North American continent, it is known as the 
‘ North American blastomycosis’ . A number of 
cases have however been reported from Africa 
lately. The fungus has also been isolated in Delhi 
from bronchial aspirates of a patient and from the 
lungs of insectivorous bats. 

Soil is considered to be the source of infection, 
which is acquired by inhalation. Primary infec- 
tion of the lung ^nay resemble tuberculosis or his- 
toplasmosis. It may be asymptomatic or may lead 
to focal or diffuse consolidation, miliary lesions 
or abscess formation. The fungus may spread 



from the lungs through the bloodstream and form 
multiple abscesses in various parts of the body. 
Case fatality is high in the generalised disease. 
The cutaneous disease is usually on the skin of the 
face or other exposed parts of the body. The ini- 
tial lesion is a papule, around which secondary 
nodules develop and coalesce, leading to large, 
elevated ulcerative lesions. 

In tissue and in cultures at 37°C, the fungus 
appears as budding yeast cells, which arc large 
(7-20 fi) and spherical, with thick, double con- 
toured walls. Each cell carries only a single 
broadbased bud (Fig. 65.12), At room tempera- 
ture, the culture is filamentous with septate 
hyphac and many round or oval conidia, and in 
older cultures chlamydosppres also. 


Paracoccidioidomycosis 

This is a chronic gnpuldmatouk disease of the 
skin, mucosa, lymph nodes and internal organs 
caused by gpracoccidtoides brasiliensis— As the 
disease is confined to South America, it is called 
‘ South American blastomycosi s’. Ulcerative 
granulomas of the buccal and nasal mucosa arc a 
prominent feature of the disease. 

The yeast phase is found in tissues and in cul- 



rt« (iS 12 A IUir\itun\ce\ tlrrnuililiihs ycaM ph.va: fcbowin’sphencalornvat dmi- 
No walled cc Mh with unglc hrtud ba-cd huih. II I'lxmotriditnttet bravhenus 
>«*l ph.tM- 'himiog if.heric.il thuk walled all, with multiple huh, C Ctxa- 
ihtmhrt tivsuc ph.i,c >hnu in i: ,phcrul,- » illi mime rtuw. c(ld<"porc‘ 
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tures at 37°C. It consists of large, round or oval 
cells with multiple budding (Fig.65.12). The 
mycelial phase develops at room temperature. 


Coccidioidomycosis 


Coccidioidomycosis is an infection caused by the 
dimorphic fungus Coccidioides _ immitis ... The 
infection may be inapparent, benign, severe or 
even fatal. The disease is endemic in the dry, arid 
regions of Southwestern USA, where the fungus 
is present in the soil and in rodents. 

Infection is acquired by inhalation of dust con- 
taining arthrospores of the fungus. In most cases, 
the respiratory infection is asymptomatic and 
leads only to immunisation, which can be 
demonstrated by a positive skin test with ‘coc- 
cidioidin’ (analogous to the tuberculin test). 
Many persons develop a self-limited influenza- 
like fever (known as ‘valley fever!_nr ‘desert 
rheumatism*). Less than one per cent of infected 
persons develop chronic progressive dissemi- 
nated disease (coccidioidal granuloma) which is 
highly fatal. It resembles clinically and histologi- 
cally disseminated tuberculosis. 

The fungus is dimorphic, occurring in the tissue 
as a yeast and in culture (both at 37°C and at room 
temperature) as the mycelial form. The tissue 
form is a spherule, 15-75 /* in diameter, with a 
thick doubly retractile wall and filled with endo- 
spores (Fig. 65.12). The mycelial phase consists 
of hyphae which fragment into arthrospores 
which are highly infectious. Cultures should be 
handled with particular care as they may cause 
laboratory infection. 


Histoplasmosis 


Histoplasmosis is an intracellular infection of 
^fthe "reticuloendothelial system caused by the 
-y .dimopphic -Uittnjy lasma capjulalim. T he 
disease was originally described by Darling 

(1905) who believed the causative agent to be a 

protozoon related to Leishmania donovani. 

The disease is worldwide in distribution but is 

most common in the USA where it is endemic in 



many central and eastern states.In endemic areas 
the fungus is present in the soil, rotting trees and 
is particularly abundant in bird faeces. Infection 
is acquired by inhalation. The large majority of 
infections are asymptomatic and, as in tuber- 
culosis, heal, leaving behind an area of miliary 
calcification. It was the investigation of tubercu- 
lin negative individuals with pulmonary calcifica- 
tion that made evident the frequency of 
asymptomatic infection with the fungus. Some 
infected persons develop pulmonary disease 
which resembles tuberculosis. Disseminated his- 
toplasmosis develops only in a small minority of 
infected individuals. The reticuloendothelial sys- 
tem is involved with resultant lymphadenopathy, 
hepatosplenomegaly, fever, anaemia and a high 
rate of fatality. Granulomatous and ulcerative 
lesions may develop on the skin and mucosa. 

In tissues, the fungus is present inside phagocy- 
tic cells in the yeast phase — oval, budding cells 
measuring 2-4 /*. The yeast phase is also formed 
in blood agar cultures at 37°C On Sabouraud’s 
agar at room temperature, white cottony myce- 
lial growth appears, with large (8-20/*) thick wal- 
led, spherical spores with tubercles or finger-like 
projections (Fig. 65.13). The appearance of the 
^uberculate-spores i s diagnosti c. 

Diagnosis may be made by microscopical 
examination of stained smears of blood, bone 
marrow, scrapings from lesions or biopsies of 
lymph nodes, and by the culture of the fungus 
from these materials. Antibodies are formed dur- 
ing the infection. They decline if the infection is 
inactive, but increase in titre in progressive dis- 
ease. Latex agglutination, complement fixation 
and precipitation tests are useful in diagnosis. 


Delayed 

i nfectio n, i t can be demonst r ated by skin testing 
With, ' histoplasmin’ , which is analogous to the 
tuberculin test for tuberculosis. , 

>‘African histoplasmosis * involves mainly ?he . 

a re not commonly affected and disseminated dis- 

ease is'lnfrequen t. Th e causative agent has been 
n amed Histonlasma duboisii and it differs from 
H. canVitfaiiimin forming much larger yeast-like 
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cells (7-l5fi) In the mycelial form, the two 
species arc indistinguishable. 

Amnhotencin JUhas been found useful in 
therapy 

omiun Msne sssrmty m\ws^sV 


Systemic aspergillosis occurs as the following 
clinical types: 

I . [ kffmon.irvji^ iceUlosis 
a Aspergi 1 1 u^iist lim. i 

b. Bro nchopulmonary aspergillos is 

c. OoTomsmg aspcreiUosLsfAsncreiUoma l 


Some s.iproph\tic fungi which are ubiquitous m 
the environment .ire important in medical myco- 
log> lor two reasons Firstly, they are common 
laboratory contaminants on culture media — 
Aspcif’ilhn, PcnifiHiuin. Minor and Rlnzoptis 
species grow on virtually anything. Secondly, 
thev can produce serious and even fatal infection 
in persons who arc otherwise debilitated. Asper- 
giliosis and mucormycosis arc 'important oppor- 
tunistic svstemic mycoses 


Aspergillosis 

Aspeigdli and PenicUUum constitute the com- 
monest moulds seen on damp bread or almost 
any other organic matter Ot the 3tX)odd species 
of aspergilli. A fu mmatm is liiehlv nuthoiciia- 
l or birds, anti occ.ision.ill v-causL»sJnv-ix.icii-iliv- 
ea sc tn man . A few other species may also cause 
opportunistic human disease. The commonest 
human disease c.iusecf by aspergilli is otomycosis. 


Aspergillus asthma occurs in atopic individuals 
following sensitisation to inhaled aspcrgillus 
spores In bronchopulmonary aspergillosis, the 
fungus gross's within the lumen of the bronchioles, 
which may be occluded bv fungus plugs. The lun- 
gus can be demonstrated tn sputum The condi- 
tion is made worsejn the development of hyper- 
sensitivity to the fungus Cotomsing aspergillosis 
usually develops in preexisting pulmonary 
cavities, such as in tuberculosis of cystic disease. 
The lungus grows jamJor ge •ha lls’ ( Aspcrgij: 
lom.i) Sn ntic.il removal becomes necessary .is 
the disease commonly cause's massive haemop- 
tysis In invasive aspergillosis, the fungus actively 
invades the lung tissue | Mssemiiialed aspergillosis 
involving the brain, kidney and other otgans is a 
tutu! complication sometimes seen in debilitated 
patients on prolonged treatment with antibiotas, 
steriods and c\ lotovic' drugs 1 

Diagnosis may be made by microscopical c\a- 
min.tlioti and bv culture. 'I lie Milieus glows 
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Otomycosis 

Otomycosis is fungal infection of the external 
ear. It is a very common disease and is usually 
caused by species of aspergilli (A.niger, A. furfli- 
gatus) and penidllia. The'symptoms are itching, 
pain and deafness. Secondary bacterial infection, 
commonly due to Pseudomonas and Proteus 
causes suppuration. Diagnosis can be made by 
demonstration of the fungi in scrapings and by 
culture. 

Oculomycosis 

Mycotic keratitis usually follows corneal trauma, 
bers of this genus can be identified by t he brush- F ungal spores colonise the injured tissue arid 
like arrangement of conidia_(Fig.65. 14). initiate an inflammatory reaction, leading to 

hypopyon ulcer and endophthalmitis. If not re* 

Mucormycosis cognised and treated early, enucleation miiy 

become necessary. The widespread use of cor* 
Mucormycosis is an invasive diseas e caused by ticosteriods in ophthalmology has resulted in an 
phvcomvcetes. mainly by species of Rhizop us,- increased incidence of keratomycosis. 

Mucor and Absidia . It used to be a rare terminal Many saprophytic fungi can cause ocular infeC- 
complicauon of uncontrolled diabe.tes and other tion, Aspergillus species, Fusarium and Candida 
chronic debilitating diseases. Tl) e incidence of albicans being most often responsible. Diagnosis 
the d isease has increased considerably as a result - ! ma y made by examination of deep scrapings, 
of the widespread use oTahtiblotics. steroids and 
a ntimetabolites. The fungi are normally aviru lent 
and arc able to invade tissues only when general 
resistance is extremely low. 

The primary infection is usually in the upper 
respiratory tract or nose, where the spores germi- 
nate and the mycelia invade the adjacent tissues 
— the orbit, sinuses and the brain. Primary infec- 
tion may also occur in the lung, the fungi invading 
the arteries to cause thrombosis and infarction. 

The disease is fatal. - , 

Diagnosis is usually made during histological 
examination of autopsy material, by the presence 
of broad, nonseptate mycelia in tissues. The fungi 
can be grown easily on Sabouraud’s medium 
without cycloheximide. Mucor shows branched 
sporangiophores arising randomly along aerial 
mycelium. Rhizoids are absent. Rhizopus has 
rhizoids, and sporangiophores arise in groups 
directly above the rhizoids (Rig. 65.14). 


Superficial swabs may not show the fungus-Lociu- 
applic ation of amphotericin B, Nystatin a nd 
Pimancin (Natamycin) may be usefu l. 


Mycotic poisoning 


Ma ny fun gi form poisonous substances. Mycotic 
poisoning is o f two types — mycetism in which a. 
fungus which is eaten for itself causes toxic effects 
and- mvcotoxicosis in which fungal toxins 

Mycetism has been known from ancient times, 
several varieties of poisonous mushrooms having 
been identified as inedible. Mycetism may cause 
gastrointestinal diseas e, dermatitis or death JThc 
hallucinogenic agents (d-lvsemc arid , psiloefc 
inaother 


. 1 other 

fungi have attracted much attention in recent 
years. 

The best known mycotoxin is 'AHatoxin' nro— 


rapidly on culture media. Identification of Asper- 1 
gillus is easy, based on growth characteristics and 
morphology. Aspergilli have septate hyphae. 
Asexual conidia are arranged in chains, carried 
on elongated cells called ‘gterigmata’, b orne oh 
the expanded ends (vesicles) of conidiophores 
(Fig. 65.14). 

As aspergilli are such common contaminants, 
their demonstration in exudates and isolation in 
cultures have to be interpreted with care. 



Penicillium species have been very rarely incrimi- 
nated in opportunistic human infections. Mem- 
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duced by Aspergillus, fgyus. It is frequently pre- 
sent in mouldy foods, particularly in groundnuts, 
com and peas. It is highly toxic to animals and 
birds, and probably to man as well. It can cause 
hepatomas in ducklings and rats, and its possible 
carcinogenic effect in man is of great concern. 


There have been several reports of aflatoxicosis 
from India, involving man and animals. 

Ergotoxicosis f ergotism) is due to the toxic^ 
alkaloids produced, bv_ the fungus Claviceps 
purpurea ,_while g lowing nn.the iruitmg heads of_ 
rye,. 
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Acute Diarrhoeal Diseases 


Acute diarrhoeal diseases constitute an important 
cause of morbidity and mortality throughout the 
world, particularly in infants and children in the 
developing countries. It has been estimated that 
some 500 million episodes of diarrhoea occur 
annually among children under five years of age 
in the developing countries of Asia, Africa and 
Latin America, causing 5-18 million deaths. In 
India, 1.4 million children die annually from diar- 
rhoeal diseases other than cholera. Apart from 
causing death due to dehydration, diarrhoeal dis- 
eases often initiate malnutrition, which is aggra- 
vated by each successive episode. Diarrhoeal dis- 
eases are important even in the affluent coun- 
tries. In the USA, for instance, diarrhoea is sec- 
ond only to acute respiratory disease as a cause of 
absenteeism from work, and ranks among the 
five leading causes of death in young children. 

Acute diarrhoeal diseases vary in severity from 
a passing inconvenience to a rapidly fatal flux. 
While frank diarrhoea is self-evident, mild diar- 
rhoea is difficult to define as it is dependent on 
individual bowel habits, which are very variable. 
Diarrhoea may be defined as an increase in the 
frequency, fluidity or volume of bowel move- 
ments relative to the usual habits of each indi- 
vidual. As a rough guide, passage of three or 
more motions a day can be taken as diarrhoea. 
The causes of diarrhoea are legion, ranging from 
infections to emotional factors: However, the 
large majority are due to the action of microor- 
ganisms or their products in the intestines and 
only these are considered here. 

Diarrhoeal diseases present several epide- 
miological patterns. Based on the age groups 
involved, they may be classified as infantile. 


weanling, childhood or adult diarrhoeas. Some 
types present seasonal patterns, occurringduring 
summer, winter or monsoon. The disease may be 
sporadic, endemic or pandemic. Certain types 
may be place associated, as for example the so 
call ed asvlu t rulianiioea. The term gastroenteritis 
is often used as a synonym for acute diarrhoea, 
especially when associated with vomiting. 
Though the term gastroenteritis may not be 
semantically correct where inflammation is 
absent, it has the sanction of long usage. The 
term dysentery denotes passage of blood and 
mucus with motion, often with tenesmus. Travel- 
lers* diarrhoea is an acute d iarchoeaUllnesj that 
sometimes occursTn visitors from foreign coun- 
tries, within a week or two of arrival in a develop- 
ing country such as India, Bangladesh or Mexico. 
This condition used to be referred to by such exo- 
tic names as .Del hi belly and Mon tezuma's-^ 
revenge. The ternT'food poisoning* may mean 
any type of illness acquired through consumption 
of food or drink contaminated with microor- 
ganisms, their toxins or chemical poisons. But 
traditionally, it is restricted to acute diarrhoea, 
with or without vomiting caused by microbial 
contamination of food. 

Diarrhoea involves increased loss of fluid and 
electrolytes from the intestine. About eight litres 
of water enter the duodenum every day, consist- 
ing of one litre of saliva, two of gastric juice, two 
of pancreatic juice and one of bile, together with 
an average of two litres in food and drink. In the 
small intestine further fluid is added from the 
plasma, but absorption is so efficient that only 
500-1000 ml of water enter the caecum from the 
terminal ileum. In the large bowel also, some 
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water is secreted into the lumen, but net absorp- 
tion results in only some 100 ml appearing in 
stools as faecal water normally. Several 
mechanisms control the secretion and absorption 
of water and electrolytes in the gut. Examples of 
mechanisms that promote absorption are the 
sodiuifl , pum p- luminal glucos e, amino acids o r 
electrolytes , catecholamine action mediated by 
the -cyclic.. GMP. and steroids. Examples of 
mechanis ms that_promote secretion are cycli c 
AfrfP , _pitress in, . secreti n, glucagon , bacterial 
enterotoxins. fatty acids, bile acids , undigested 
"disaccharides, gastric acid and prostaglandiiL 
Alteration of the complex balance between these 
factors results in diarrhoea. Piarrhoeal stool is 
usually isotonic with plasma , but may differ 
greatly in electrolyte content. The amount of 
electrolytes lost depends on various factors such 
as the aetiology of diarrhoea and the age of the 
patient. 

Acute diarrhoea due to bacterial infection can 
be classified into three groups based on pathogenic 
mechanisms. The first group. exemplified_b v 
cholera vibjio and enterotoxigenic E.coli , pro- 
3uces diarrhoea by multiplying in the small intes- 
tine and secreting enterotoxins which cause pro- 
fuse secretion of fluid and electrolytes. The bac- 
teria do not invade the bowel mucosa, which 
appears histologically normal. Systemic symptoms 
such' as fever are minimal dr absent. The second 
type is represented by shigellae and-enteroinva- 
sive E.colL T h£v invade the bowel mucosa The 
pathology is initially in the small intestine, when 
the patient develops abdominal cramps, mild 
fever and watery diarrhoea. In a day or two, the 
large bowel is invaded, with colitis leading to - 
urgency, tenesmus and bloody mucoid stools typ- 
ical of dysentery. T he third group is typified by 
salmonellae. The bacteria penetrate the gut 
mucosa and reach the lamina propria where they 
set up inflammation JBacteraemia and systemic ' 
symptoms such as fever are very common. In gen- 
eral, profuse watery diarrhoea is seen in 
enterotoxic infections such as cholera, as well as 
in rotaviral diarrhoea. Invasive diarrhoea leads 
to liquid stoplsjich in cellular exudate. 


In addition to the above mechanisms of infec- 
tion, diauhoea can also occur due to the action of 
preformed bacterial toxins, as in the case of 
staphylococcal food poisoning. Here bacterial 
multiplication in the gut is not necessary. 

AETIOLOGY OF, DIARRHOEAL DISEASES 

A large number of microorganisms are now 
known to cause diarrhoea. ,Until recently, the 
causative agents'cbulcfbe identified in only 10—20 
per cent of diarrhoeal ‘illnesses. In the last 
decad^, additional pathogens have been recog- 
nised*~so that nbw, under optimal laboratory 
conditions, aetiologfcal diagnosis can be esta- 
blished in some 80 per cent of cases. The bacte- 
rial, viral, protozoal and fungal agents respon- 
sible for acute diarrhoeal illness are listed below 
(Table 66.1). 

A. Bacteria 

/. Vibrios: a) V. cholerae: V. cholerae, classical 
as well as el Tor biotypes, cause cholera, the most 
spectacular of diarrhoeal diseases. The vibrio 
enters the intestines through food or drink. The 
i nfective dose is large, about 10 s cells. Th e site of 
i nfection is the small intestine , p rimarily the 
jejunum, where it multiplies and elaborates the 
enterotoxin. P athogenicity depends on the ability 
of the vibrio - to adhere to intestinal epithelium 
and colonise in the gut, as well as on the produc- 
tion of the toxin. 

Cholera is endemic in Bangladesh, West Ben- 
gal and many other parts of India. In endemic 
areas it is predominantly a disease of children. 
When it appears in nonendemic areas, it affects 
all ages, most commonly adult males. In both 
endemic and epidemic situations, cholera 
exhibits seasonal patterns, which vary in different 
areas. 

Cholera can occur in varying grades of sever- 
ity, from a rapidly fatal disease to a mild diar- 
rhoea. Asymptomatic infection is common with 
el Tor vibrio s. Prolonged gall bladder carnage 
may occur very rarely. There is increasing evi- 
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Bacillus cereus Soil Food. Especially rice Entcrotoxins Two types of food poisoning, — one 

and grains primarily vomiting . the other primarily 

diarrhoea. 

Staph, aureus Man Food, especially meat Entcrotoxins Toxic type of food poisoning; primarily 
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dence that el Tor vibrios can survive for long 
periods in aquatic environments. 

b) Noncholera (NAG) vibrios: These vibrios 
resemble cholera vibrios except for being in- 
agglutmable with O group antiserum. The 
pathogenic status of NAG vibrios is npt clear. 
Some of them have caused outbreaks of cholera- 
iike disease, while most of them appear to be 
nonpathogenic, having been frequently observed 
in natural water sources and in normal stools. A 
few strains have been shown to produce a heat 
labile enterotoxin resembling the cholera toxin. 

c) V._parahaetnolvticus: First isolated in Japan 
in the 1950's from outbreaks of food poisoning, 
this halophilic vibrio has subsequently been 
demonstrated in the coastal waters of several 
countries. Several O and K antigenic types of the 
vibrio exist, but there is no association with 
pathogenicity and any particular serotype. 
Haemolysis on a special high salt agar (Kanagawa 
phenomenon) has been claimed to be useful in 
differentiating between pathogenic and non* 
pathogenicstrains. 

This vibrio can cause two types of clinical syn- 
dromes, the more common watery diarrhoea 
and the less common syndrome of bloody diar- 
rhoea with abdominal cramps and fever. 
V parahaemolyticus has been responsible for the 
majority of food poisoning cases in Japan. This 
vibrio has been reported to be the causative agent 
in about 10 per cent of hospitalised diarrhoea 
patients in Calcutta, but elsewhere in India it 
does not appear to be important in diarrhoeal ill- 
wsv fcanagffwti ntgtiVrve Vforios are iTecfuemVy 
found in fishes and crustaceans from the coastal 
waters, but human infection has been rare. 

The mechanism of V. parahaemolyticus diar- 
rhoea is not well understood. The vibrio has been 
reported to produce ballooning of the rabbit ileal 
loop and an enterotoxin has been postulated. The 
vibrio also causes local invasion of the bowel 
mucosa. 

2. Escherichia colt: E. coli appears to be the most 
versatile of diarrhoeagenic agents. At least four 
mechanisms of pathogenesis have been identified 


in E. coli diarrhoea, different sets of strains being 
responsible for the different types of patho- 
genesis. 

a) Enterotoxigenic E. coli. (ETEC): This is the 
type of E. coli believed to be responsible most 
often for diarrhoeal illness in the developing coun- 
tries. ETEC produce a heat labile (LT), heatsta- 
ble(ST) or both types (LT-ST) of enterotoxins. 
The LT activity is similar to that of cholera toxin, 
to which it is antigenically related. ST activity is 
believed to be through activation of guanyl cyc- 
lase in the small intestine. It is antigenically unre- 
lated to cholera toxin. LT production can be 
demonstrated by ileal loop tests, tissue culture 
techniques or by ELISA, while ST production 
can be detected only by the cumbersome infant 
mouse intragastric assay. Toxin production is 
plasmid mediated. Pathogenicity alsodepends on 
the plasmid mediated colonisation factors, which 
are essential for attachment of the strains to intes- 
tinal mucosa. ' 

ETEC cause mild diarrhoea to severe choleraic 
disease in the developing countries. They form 
the most important cause of travellers’ diarrhoea. 
The relative frequency of LT, ST and LT-ST 
strains varies in different areas. ETEC are fre- 
quently responsible for diarrhoea in calves, but 
there is no evidence that human and animal 
strains are related. 

b) Enteropathogenic E.~ coli (EPEC): From 

1945, certain OB serotypes of E.coli have been 
recognised as responsible for diarrhoea in 
infants, particularly in nurseries. The pathogene- 
■s h, tji E.VEC uVanut/ta Vs twA Wfty . \\ 

seems to depend on the ability of the strains to 
adhere to the gut mucosa and multiply. Some 
strains have been found to produce an enterotoxin . 

EPEC diarrhoea has been declining in inci- 
dence during the last decade or so. As some of 
these serotypes are frequently found in normal 
stools, the significance of recovery of EPEC from 
sporadic diarrhoea is uncertain. EPEC are not 
considered to be an important cause of acute 
diarrhoea! disease in the developing countries. 

c) Enteroinvasive E. eo//(EIEC): These strains 
resemble shigellae in their properties and 
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pathogenicity. They are confined to a few 
O serogroups (Groups 28 ac, 112 ac, 124, 136, 
143, 144, 152, 164). They r^v cause watery diar- 
rhoea or typical dysentery. 

Identification of EIEC depends on the Sereney 
test or on the invasion of cultured HeLa or Vero 
cells. Because of the difficulty in identifying 
them, the true prevalence of EIEC diarrhoea is 
not known. Cases of food poisoning due to EIEC 
have been reported. 

d) Enterohaemorrhagic E. colr(EHEC ): E. colt 
0157:H7 has been found to cause haemorrhagic 
colitis. It forms a cytotoxin resembling the toxin 
of Sh. shiga. 

3. Salmonellae : Some 2000 serotypes of sal- 
monellae are known, any of which, with the pos- 
sible exception of S. typhi, can cause acute diar- 
rhoeal disease. But the large majority of out- 
breaks are caused by S. typhimurium, S. enteri- 
ridisand about a dozen other serotypes. 

Salmonellae invade the ileal epithelial cells, 
penetrate to the lamina propria and usually 
initiate bacteraemia, with fever and other sys- 
temic manifestations. An enterotoxin has also 
been demonstrated in some serotypes, such as 
S. typhimurium. The pathogenic significance of 
the enterotoxin is not known. 

Animals and birds constitute the natural reser- 
voir of salmonellae, Human infection is usually 
zoonotic, caused by consumption of animal foods 
or food products. Salmonellosis is the com- 
monest type of food poisoning in Britain and 
many other countries. Convalescent and asymp- 
tomatic human carriers are common, but chronic 
carriage is rare, being seen mainly in patients 
with chronic gall bladder disease. 

Salmonellae _ frequently harbour plasmids, 
which confer resistance to multiple antibiotics. 
Plasmid bearing salmonellae often show enhanc- 
ed virulence and communicability. Some of them 
exhibit altered ecological and epidemiological 
features, spreading directly from man to man, or 
fomites to man. S. typhimurium strains carrying 
R plasmids have become important hospital 
pathogens in many countries, causing serious sys- 


temic infections, particularlyin the newborn. 

4. Shigellae: All four serogroups of shigellae 
produce dysentery. The pathogenesis of dysen- 
tery depends on the penetration of epithelial 
cells of the large bowel and subsequent local mul- 
tiplication, producing colitis. In addition, shigel- 
lae may also produce a mild watery diarrhoea. 
This is believed to be due to the action 
of an enterotoxin on the small bowel. All 
serogroups have been found to produce entero- 
toxin. 

Shigellosis is worldwide, being more common 
in poor, overcrowded and unhygienic com- 
munities. It has been described as a ‘wate r- - " 1 
washed disease’ , its incidence decreasing as tHe~ 
amount of water used for sanitation increases. 
Sh flexneri is the commonest type in the develop - 
ing countries and Sh. sonnei in the developed 
count ries. Sh. dvsentefmr type I causes the mos tfx 
serious types of dysentery . R factors are common 
in shigellae. A strain of Sh. dvsentenae type / car- 
r ying R 'plasmids has caused very extensive 
epidemics in recent, years in many developing 
c ountries. nf_ South America, Africa and Asia, 
including India. 

Shigellae .ire host_sp e rific for man. Caged 
monkeys frequently suffer from shigellosis, the 
infection being transmitted from their keepers. 
No extrahuman reservoir is known. Human car- 
riers are common. Infection spreads by person to 
person contact, though water and food borne 
outbreaks also occur. The infective dose is small, 
as few as 10 bacilli being capable of causing the 
disease. 

5. Clostridium perfringens: Cl. perfringerts (Cl. 
welchii) is a spore forming bacillus widely distri- 
buted in soil and frequently found in the intesti- 
nal tract of man and animals. Five types arc rec- 
ognised, A to E. Most cases of human clostridial 
gastroenteritis are caused by type A. Certain heat 
resistant nonhaemolytic strains of type A have 
been recognised as an important cause of food 
poisoning. Various heat sensitive haemoiytic 
strains have also been reported to cause diarrhoea. 
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In contrast to the nonfatal watery diarrhoea 
caused by type A strains, some type C strains can 
cause a severe haemorrh'agic necrotising 
jejunitis. leading to bloody diarrhoea, severe 
abdominal pain and shock. Originally described 
in Germany under the name Darmbrand (Tire in 
the belly 4 ) this has subsequently been reported 
from New Guinea as ‘Pigbcl’ and as necrotising 
enteritis from many other parts of the world/ *” 

Type A strains produce an enterotoxin, which 
appears to be a structural component of the spore 
coat. Type C strains also produce a related 
enterotoxin. 

6. Bacillus ceretis: This is a ubiquitous aerobic 
spoTebearing bacillus. Ingestion of food heavily 
contaminated with B. ceretis leads to diarrhoea. 
Two clinical syndromes are caused by this bacil- 
lus, one characterised by diarrhoea and abdomi- 
nal cramps, and the other by nausea and vomit- 
ing, resembling staphylococcal food poisoning. 
Both types appear to be caused by enterotoxins. 

7. Staphylococcus aureus: Some strains of Staph, 
aureus produce enterotoxin. When food gets con- 
taminated with such strains, they multiply and 
elaborate the toxin, which is heat stable. Inges- 
tion of such food results in vomiting and diar- 
rhoea. 

Six types of staphylococcal enterotoxins have 
been identified, types A to F. The majority of 
reported outbreaks have been caused by strains 
producing enterotoxin type A, or type A and D 
together. 

8. Campylobacter jejuni: This microaerophilic 
bacterium, has been reported as responsible for 
some 5-15 per cent of diarrhoea! illness in Eng- 
land, Belgium and some other countries. The ill- 
ness typically has a febrile prodrome for 12-24 
hours, followed by watery diarrhoea and colicky 
abdominal pain. The disease may last for two 
weeks or more and is sometimes associated with 
vomitingand bloody mucoid stools. 

Domestic animals and birds are considered to 
be the reservoirs Milk and waterborne out- 


breaks have been reported. Isolation is difficult, 
requiring special media with antibiotic supple- 
ments and incubation at 43°C under mic- 
roaerophilic conditions. While Campylobacter is 
a major cause of infective 'diarrhoea in many 
affluent countries, it appears to be much less 
important in India and other developing coun- 
tries, where asymptomatic infection is common. 

9. Yersinia cnterocohtica : Formerly known as 
Pasteurclla pseudotuberculosis this bacterium is 
now considered a member of the family 
Entcrobactciiaceac. It has been identified as an 
important cause of diarrhoea in Europe, Japan 
and North America, especially in the cold season. 
The symptoms appear to be related to the age of 
the patients. Infants typically develop febrile 
diarrhoea, older children have acute mesenteric 
lymphadenitis, and adults tend to develop 
enteritis with fever, reactive arthritis and 
erythema nodosum. Some eases simulate acute 
appendicitis. 

The bacillus has been isolated from swine and 
dogs, from foods and from natural water sources. 
Foodbomc outbreaks- have been recorded, but 
sporadic cases also occur. The bacillus grows 
optimally at 22°-29°C. It cah survive for long 
periods and even grow at 4°C, a property that 
enables it to cause outbreaks of enteritis through 
contaminated food, particularly milk. Scrotyping. 
biotyping and phage typing methods have been 
developed. Serotypes 03, 08 and 09 and biotypes 
2, 3 and 4 arc usually isolated from human cases. 
Some strains produce an enterotoxin resembling 
the ST toxin of E.coli. Some other strains have 
been found to be invasive by the Screney test. 

JO. Other bacteria: Many other bacteria have 
been reported to cause diarrhoea. Pseudomonas 
aeruginosa was first implicated in diarrhoea as 
early as 1894. A number of cases have been 
recorded recently. Diarrhoeagenic strains have 
been shown to form an enterotoxin. 

Aeromonas hydrophila and Plesiomottas 
shigelloides have been reported to ’cause diar- 
rhocalillness. 
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B. Viruses , i 

Though viruses had for long been suspected to 
cause diarrhoea, it had not been possible to relate 
conventional viruses, which could be grown in tis- 
sue culture, with the illness. The importance of 
viruses in diarrhoea came to be recognised only 
from the discovery of rotavirus in 1973. 

/. Rotavirus: This 70 nm. double shelled virus is 
now considered the most common cause of diar- 
rhoea in young children. It has been detected in 
all countries where it has been looked for, though 
differences in prevalence exist from place to 
place. It exhibits a predilection for winter, even 
in the tropics where seasonal variations in temp- 
erature are not noticeable. 

Rotavirus can frequently be demonstrated in 
the faeces of neonates, but in them the infection 
is generally asymptomatic, probably due to mat- 
ernal immunity. The disease peaks from the age 
of six months to two years. Most adults are 
immune, though subclinical infection may occur, 
particularly in contacts of infected children. 

The mode of spread is believed to be faecal-oral. 
The incubation period is2-4days.Typically, vomi- 
ting is a prominent early symptom, often preceding 
diarrhoea. The stools are watery, sometimes with 
flakes of mucus. Mild fever and respiratory symp- 
toms may occur in a proportion of cases. Severity 
of diarrhoea is variable. Mortality is infrequent. 
The average duration of illness is 5-7 days. 

Rotavirus infects the absorptive viTfous epithe- 
lial cells of the small intestine, causing replace- 
ment of the tall columnar epithelium with cuboi- 
dal cells, shortening of villi and lymphocytic 
infiltration of "villous lamina propria. Diarrhoea 
may be related to a loss of absorptive capacity of 
the small intestine. Rotavirus diarrhoea is 
associated with a transient defect in the digestion 
and absorption of carbohydrates, but this does 
not limit the utility of rehydration with oral glu- 
cose electrolyte solution. 

Rotavirus may cause sporadic diarrhoea as 
well as large epidemics. It has been found to 
cause very large annual ‘winter’ epidemics of 


childhood diarrhoea in north Kerala. Similar 
epidemics in Manipur have also been shown to be 
caused by the same agent. 

Human rotavirus is a member of the family of 
viruses that cause 'diarrhoea in the young of many 
animals — calves, piglets, lambs, monkeys and 
mice. Although antigenic relationships exist 
among ,them. there is no evidence that human 
diarrhoea can be caused by any of the animal vir- 
uses. Human rotaviruses belong to different sero- 
types. at least four having been defined so far. 

2. Norwalk virus: The Norwalk virus and related 
viruses (Hawaii. Montgomery county. Ditchlmg, 
“W") are 25-27 nm viruses which appear to cause 
diarrhoea, mainly in older children and adults. 
The reported outbreaks have occurred m 
schools, colleges, families and on board cruise 
ships. Foodborne outbreaks have been reported. 

The incubation period is about 12-48 hours. 
Nausea, vomiting, abdominal discomfort, diar- 
rhoea, mild fever and headache constitute the 
usual picture. The illness is mild and lasts usually 
for 1-2 days. The virus is shed in faeces and vom- 
it us during the first three days of infection. 

As the virus has not been propagated, inform,!, 
tion is scanty about its distribution. Antibodies to 
this group of viruses have been demonstrated i n 
several countries. Prevalence of infection 
appears to be much less than with rotavirus,. 
About 50 per cent of adults appear to be suscepti- 
ble as fudged by the absence ofnnlibndlcs. 

3. ' Adenoviruses: There have been several reports 
of diarrhoeal disease in children, where adeno- 
virus could be demonstrated in large numbers in 
stools by electron microscopy, but could not be 
cultivated. Adenovirus types 40 and 4 1 have been 
identified in such cases. 

4. Other viruses : Several reports have appeared 
about the association of diarrhoeal illness with 
the electron microscopic demonstration in faeces 
of many kinds of viruses, including astrosiruscs. 
calidviruscs and corona viruses. More inform.i- 
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tion has to be obtained about the nature and sig- 
nificance of these viruses. 

C. Protozoa 

1. Entamoeba histolytica : Amoebic dysentery is 
endemic in many parts of the world. Human cyst 
passers constitute the source of infection. Food 
and drink are the usual vehicles, though person to 
person transmission may also occur. During the 
acute disease, stools contain only trophozoites 
and not the cystic form. This stage is not infecti- 
ous. 

The infection can become chronic and also lead 
toextramtestinal manifestations. 

Recent evidence suggests that there are four 
types of E. histolytica, only one of which is 
pathogenic. 

2. Giardia iamblia: Many types of diarrhoeal ill- 
ness have been observed following infection with 
Giardia iamblia . These include explosive watery 
diarrhoea, loose foul smelling stools, and steator- 
rhoea. Abdominal cramps, anorexia and flatu- 
lence are common. 

Asymptomatic cyst passing carriers form the 
source of infection. Infection may take place 
through food and drink, or by direct person to 
person spread. Giardiasis may account for some 
cases of travellers’ diarrhoea. It was reported to 
be common in visitors to the Soviet Union. 

3. Cryptosporidium, a coccidian parasite causing 
enteritis in calves and a variety of other animats 
and birds, has been found to cause diarrhoea in 
man, particularly in the immunodeficient and 
those in close contact with animals. 


4. Balantidium coli: T his, the largest intestinal 
protozoon of humans , is a rare cause of chronic 
recurrent diarrhoea, with dysenteric episodes in 


D. Fungus 

Candida albicans: There have been a number of 


reports recently of diarrhoea associated with a 
large number of Candida albicans in faeces. 
Some of these have been secondary to oral 
administration of antibiotics, but many cases 
have been apparently due to primary infection. 
The pathogenesis of the disease is not known. ' 


Unwholesome food may lead to illness or even 
death.* The food may, in itself, be toxicorit may 
contain organic or inorganic poisons. Food also 
serves as a vehicle for several types of infections. 
Food poisoning may be chemical or microbial. ’ 
The term ‘microbial food poisoning’ has been 
interpreted in many ways. British workers have 
traditionally defined bacterial food poisoning as 


lam ination of food and drink. But paradoxically, 
shigellosis was , not i ncluded in this catego ry, 
t hough it could o fte nbe foodbome. a nd botulism 
was considered along with food poisoning thoug h 
diarrhoea is not present in the condition . Ameri- 
can workers sometimes include many extraintes- 
tinal foodbome infections also under food 
poisoning, for example trichinellosis. It appears 
reasonable to restrict the definition of microbial 
food poisoning to d iarrhoeal diseases caused b y 
co nsumption of food contaminated with microor - 
g anisms or their product s. This excludes food- 
bome conditions such as botulism and mycotoxi - 
cosis in which diarrhoea is not a feature . Food 
allergies and idiosyncrasies also do not qualify as 
food poisoning. 

Traditionally, food poisoning has been classified 
into three types, dependingon pathogenesis: , i 

1. -Infection typ e, where infective doses of 
pathogenic microorganisms are, ingested with 
food. They set up infection in the gut and induce 
diarihoea. IflgibalioiLperiod 
hours. The typical examplcis f ood poisoning by 
salmonella e. |t , . 

2 /Toxin type , where p reformed bacterial toxin 
is ingested with food, as m staphvlocpccaLfood ^. 
poisoning. T he toxin induces vppiirinf and diati. 
rhoea. Incubation period is short, i -6 hours. 
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3; Intermediate type, where the bacteria 


which indu ces diarrhoe a. The i ncubation period 
is 6-12 hours. 1 The t ypical exampie~7s Cl.per- 
frinzens food poisoning . 

With advances in understanding of the 
pathogenesis of diarrhoea, the distinctions bet- 
ween the above .types are getting blurred. 
Enterotoxins are now known to be produced by 
several species of bacteria. As enterotoxin pro - 
duction and capacity for intestinal colonisation 
can be plasmid borne^ the se are not dg)jpiited by 
strict genus or species barriers. 

Food poisonin g is an epidemiological concent 
and not an aetiological one. Most of the micro- 
organisms described above can cause food 
poisoning. There appears to be geographical dif- 
ferences in the relative prevalence of different 
microbial agents in food poisoning. In Britain, 
salmonellosis accounts for most outbreaks, while 
in the~USA staphylococcal food poisoning has 
been the commonest type. In Japan, most cases 
are caused by Vibrio parahaemolyticus. Such dif- 
ferences may, in part, be due to differences in 
food habits. There is little aetiological informa- 
tion about food poisoning in the developing 
countries.- In India, most recorded outbreaks 

Food poisoning always affects a number^ of' 
people. Outbreaks may involve members of a 
family, persons attending a party or feast, 
inmates of a hostel, or unrelated persons taking 
food from a hotel. Sometimes persons in diffe- 
rent cities or even different countries may be 


tion. In case of death, samples of intestinal con- 
"Tents, spleen, liver and heart blood may be col- 
lected. 

For establishing the aetiological agent, it 
should be demonstrated in the stools of patients 
and in the food consumed. As some potential 
pathogens such as staphylococci and Bacillus 
cereus are normally presen ^in stools and many 
items of food, a quantitative assessment is neces- 
sary. Very large n umbe rs are significant. 

Examination of stained_smeafs Of the specimen 
is useful to demonstrate heavy contamination 
with staphylococci, B . cereus or Cl. perfrine ens. 
Cultures are put up on appropriate media. Selec- 
t ive and enrichment media are essential. In some 
cases, fbe diagnosis may be confirmed by 
demonstrating rise in titre of antihodies in the 
patient. The primary source of infection may be 
difficult to identify. When food handlers are sus- 
pected to be carriers of staphylococci or sal- 
monellae, cultures of their nasal swabs or stools 
would be necessary. 

Prevention of food poisoning depends on strict 
attention to cleanliness at all levels of prepara- 
t ion, storage and serving of food. 

MANAGEMENT OF DIARRHOEAL DISEASES 

The management of acute diarrhoeal diseases has 
undergone a revolutionary change in recent 
years. This has followed the recognition that 
whatever be the cause of diarrhoea, its immediate 
danger is acute toss of water and electrolytes, and 
long term danger, nutritional deficiency. So the 


involved jn an outbreak caused by some widely 
distributed product such as egg powder or tinned 
foods. 

Diagnosis of food poisoning is primarily clini- 
cal. A ^detailed history including food articles 
consumed, persons affected and the sequence of 
development of symptoms would often give a 
clue regarding the source of infection and proba-_ 
ble aetiological agents. Specimens to be collected 
for' laboratory investigation include stools o f 
patients and samples of suspected food. Vomitus 
is milch less useful. Paired samples of blood may 
help demonstrate serological diagnosis of infec- 


major objectives in management are very early 
replacement of water and electrolytes to preVent 
or treat dehydration, and the maintenance of 
adequate nutrition. Provided these are done, the 
body's defences will almost always control all 
cases of bacterial and viral diarrhoeas. .Specific 
chemotherapy is essential only for protozoal diar - 
rhoeas,. 

In order to simplify and standardise rehydra- 
tion treatment in diarrhoea, the World Health 
Organisation has introduced the oral rehy- 
dration fluid, which has the following composi- 
tion: 
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j>odium chlo ride 3.5 g 
Sodium bica rbonate 2.5 g 
Potassium chloride^ 1.5g 
Glucose 20 g, to be dissolved in one litre of pot ' 
>le water. T he po wders 
kets and stored, 

The scientific basis of this fc umulatiraiis_lhc 
ob servation that gluc Qse.enhancesJJi£absgiDliQn. 
of electrolytes in the _gut. The compositipn is so 
adjusted that it matches the electrolyte loss in 
watery diarrhoeas, enterotoxic or viral. Young 
babies with enteritis may not lose this much 
sodium, but when the kidneys are functioning 
normally, the body makes its own adjustments. 
However, in young babies it is advisable to alter- 
nate feeds of oral rehydration solution with half 
the quantity of plain water. In general, thirst is a 
good feedback for oral rehydration therapy and 
as much fluid should be given as is necessary to 
keep the patient free from thirst . In the large 
majority of patients, qral rehydration is all that is 
necessary. I ntravenous fluids ate called for only 
when patients present with severe dehydration . 

When the emergency is tided over, further rehyd- 

ration can be continued orally. Vomiting is no 
contraindication to oral rehydratio n. 

Alongside the" correction of dehydration, it is 
important to maintain feeding. Breastfed babies 


diluted. If this worsens the diarrhoea, milk may 
be replaced by protein foods. Staple foods such as 
cooked cereals orlegumes can be continued dur- 
ing the diarrhoea. Adults should resume normal 
diet as soon as appetite returns . 

The so called ‘routine’ antibiotics have no 
place in the management of uncomplicated 
diarrhoeal illnesses. Tetracycline was formerly 
recommended for the treatment of cholera as it 
was found to reduce the need for intravenous 
fluids. But with the.popu!arisation of early oral 
rehydration and the spread of R factors, this 
recommendation has been withdrawn. Antibio- 
tics do not help in pases of uncomplicated sal- 
monellosis or shigellosis; on the’other hand, they 
tend to prolong the duration of faecal shedding of 
these bacteria. Moreover, multiple drug resis- 
tance is so common in E. coti, salmonellae, 
shigellae and other intestinal Gram negative 
bacilli that blind therapy with antibiotics is a 
waste. Antibiotics, are, of course, useless in viral 
diarrhoea. The'only instances where antibiotics 
a re indicated arc whenJhereJ s. evidence of sys- 
JThe 


s hould continue to receive breast milk^A s tem- 
porary lactoseTntolerance is common in babies 
with diarrhoea, cow’s milk should be given well 



‘ Binding agents’ and inhibitors of peristalsis 
have npt heen shown tabeJTSeMiriihedreatment 
of diarrhoeal dise ases. 
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Laboratory Control of Antimicrobial 


Therapy 


Antibiotic sensitivity tests 

Apart from r are exceptions like Strep, pyogenes, 
pathogenic bacteria exhibit very great strain vari- 
ations in susceptibility to antibiotics and chemo- 
therapeutic agents. This is particularly marked in 
the case of Staph v aureus and Gram negative 
bacilli. Therefore it is essential to determine the 
susceptibility of isolates of pathogenic bacteria to 
antibiotics that are likely to be used in treatment. 
Antibiotic sensitivity tests are of two types — dif- 
fusion tests a nd dilution tests. 

Diffusion tes ts: Here the drug is allowed to dif- 
fuse through a solid medium so that a gradient is 
established, the concentration being highest near 
the site of application of the drug and decreasing 
with distance. The test bacterium. is seeded on the 
medium and its sensitivity to the drug determined 
from the inhibition, of its growth. ^Several, 
methods have been used for the application of the 
drug. It may, be adijed to ditches or holes cut in 
the medium or to hollow_cylinders (Heatly cups) 
placed* op it * Bu t* the method most commonl y 
e mployed is to use filter paper disc s impregnated. 
with antibiotics . 

The ‘disc diffusion’ method uses filter paper 
discs, 6.0 mm in diameter, charged with approp- 
riate concentrations of the drugs. The discs are 
stored dry in the cold. They may be prepared in 
the laboratory or purchased commercially. A 
suitable dilution of a broth culture or a broth sus- 
pension of the test bacterium is flooded on the 
surface of a solid medium ( Mueller-Hinton agar 
o r nutrient agar) . The plate is tilted to ensure 
uniform spreading and the excess broth pipetted 


off. Inoculation may also be performed by 
spreading with swabs. After drying the plate 
(37°C for 30 mins), antibiotic discs (four or five 
per 10 cm plate) are applied with sterile forceps. 
z\fter overnight incubation, the degree of sen- 
sitivity is determined by measuring the zones of 
inhibition of growth around the discs. Growth 
will.be inhibited around discs containing antibio- 
tics to which the bacterium is susceptible, but not 
around those to which it is resistant. 

The diameter of the zone of inhibition is influ- 
enced by a variety of factors, such as dif fusibility 
of the’ drug, the disc concentration, the nature 
and composition of the medium, its thickness, 
presence of inhibitory or stimulatory substances! 
pH and time of incubation. It is therefore neces- 
sary to standardise all the variables. It is also 
necessary to check the potency of the discs 
periodically using as control a s tandard W . 

of known sensitivity, such^s Stapfuaureu^ 
Oxford strain (N.C.T.C. 6571) _ 

There are several recommendations regarding 
the antibiotic concentrations to be used in discs. 
The Kirby-Bauer and the I.C.S. methods a ™ 
common use. Table 67.1 shows me aisc co'ncpnf r~ 
rations and the critical zone sizes for antibiotics in 
common use. 

A suitable method for routine use in diagnostic 
laboratories is the technique originally described 
by Stokes. This incorporates built-in controls 
against many variables and therefore provides 
dependable results. A standard sensitive strain of 
bacterium is inoculated in the middle third of the 
culture plate. The standard strains used are 
Staph.' aureus ATCC 25923, E. coli ATCC 25922 
or Ps. aeruginosa ATCC 27853, depending on the 
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Immunoprophylaxis and 
Immunotherapy 


An important contribution of microbiology to 
medicine has been the development of immunisa- 
tion methods Cor the prophylaxis and treatment 
of diverse diseases Empirical immunoprophylaxis 
of smallpox in the form of variolation was prac- 
tised over a thousand years ago. This was 
replaced hy .lenneprm yarn n ation which eventu- 
a lh'Jcd to the global eradication of the di sease. 
Deliberate development of immunoprophylaxis 
Mailed with Past cut's discovery of vaccines for 
a nthrax and rabies The identification of causa- 
tive agents of infectious diseases, one by one. and 
advances in techniques for their cultivation led to 
the development of vaccines against most of 
them 

The demonstration, towards the end of the last 
century, that antibodies specifically neutralised 
bacteria and their toxins led to the production of 
specific antisera for the prophylaxis and treat- 
ment of many infectious diseases Immuno- 
prophylaxis and therapy have ..Iso been extended 
to some nonmfcctious diseases such as malig- 
nancy Immunopotentiation or enhancement of 
nonspecific immunity has also been practised. 
While attention has been centred largely on 
humoral immunity. local immunity and cell 
mediated immunity have been identified as 
important in some instances. Immunological 
restitution has also been possible for providing 
immunological support in cases of immunodefici- 
encies. A paradoxical application of immunisa- 
tion is in the use of anti lymphocyte serum for 
immunosuppression 

ACTIVE IMMUNISATION 

Active immunoprophylaxis can be considered 


under two headings: 1) Routine immunisation of 
children which forms part of basic health care of 
communities, and 2) immunisation of individuals 
or selected groups exposed to risk of particular 
infections. 

Routine immunisation schedules have been 
developed for different countries, based on the 
prevalence of infectious diseases, their public 
health importance, availability of suitable vac- 
cines, their adverse reactions, cost benefit factors 
and logistics. The ‘Exp anded Programme on 
Im munisation ' recommended by the World Health 
Organisation for the developing countries is 
directed against tuberculosis, diphtheria, pertus- 
sis, tetanus, poliomyelitis and measles. In the 
developing countries, 0 5 per cent of all new- 
borns can be expected to become crippled by 
poliomyelitis; one per cent to die from neonatal 
tetanus; two per cent from pertussis; and three 
per cent from measles. Some five million children 
die from these diseases each year, 10 children 
every minute. 

A recommended schedule of immunisation for 
India and other developing countries is shown in 
Tabic 68.1 

BCG vaccine 

Though BCG vaccine has been in use for about 60 
years, its efficiency is still questioned. Several 
field trials have been carried out, with protection 
rates ranging from nil to 80 per cent. No protec- 
tion against pulmonary tuberculosis in adults was 
observed in a large field trial near Madras 
recently. It is however considered that BCG may 
be useful in infants and children, particularly 
against the more serious types of infection. 
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TABLE 6S 1 

Schedule of immunisation 


Visit 

Age in months 

Vaccine 

1 

0 

BCG 

2 

2 

DPT(l) 

Oral poliovaccme (I) 

3 

4 

DPT (2) 

Oral poliovaccme (2) 

4 

6 

DPT (3) 

Oral poliovaccme (3) 

5 

9 

Measles 

Oral poliovaccme (4) 

6 

18 

DPT (4) 

Oral poliovaccme (5) 

7 

School entry 

Tetanus toxoid 


(5 j ears) 

y 


(However the Indian Academy of Paediatrics recommends the following 
immunisation schedule: BCG 0-12 months; DPT/OPV 6 weeks to 9 
months. Three doses only at an interval of four weeks. Measles- 9-12 
months; 

Repeat doses- DPT/OPV: 18 months to 24 months; DT. 5-6 years, 
one dose. Typhoid 5-6 years, two doses at four weekly interval; 
TT/Typhoid 10 years and 15 years one dose each. Pregnant women. 
TT two doses at interval of six weeks.) 


meningitis and miliary tuberculosis. It is there- 
fore recommended that the vaccine be adminis- 
tered to infants, soon after birth, before mother 
and baby are discharged from hospital. Only cell 
mediated immunity is relevant in tuberculosis 
and therefore the newborn baby is competent to 
respond to BCG vaccine. Booster doses of BCG 
are not usually administered because in the 
developing countries natural infections with 
tubercle bacilli maintain the immunity. In coun- 
tries where tuberculosis is rare, immunity follow- 
ing a single dose of BCG wanes during the next 
several years and a booster dose may be indicated 
at school entry. 

Complications are few and consist of local ulc- 
eration, enlargement and suppuration of drain- 
ing lymph nodes, and keloid formation. Progres- 
sive infection may occur in immu nodeficient indi- 
viduals. 

It has been reported that BCG may afford 
some protection against leprosy and leukaemia. 


The vaccine is manufactured at the BCG 
Laboratory, Guindy, Madras, <S 

DPT vaccine (Triple antigen) 

Diphtheria, pertussis and tetanus are very impor- 
tant childhood infections which can he prevented 
by immunisation. Diphtheria used to De a rare 
disease in the developing world as immunity was 
obtained early from diphtheritic skin infections 
However, with urbanisation, incidence of the dis- 
ease has increased enormously. The mortality 
from diphtheria in the developing countries is ten 
to twenty times higher than in the aeveiopeu 
countries. Pertussis affects approximately 80 per 
cent of all children and has a mortality rate of 1-3 
per cent. It is a debilitating illness, often paving 
the way tor secondary infections. Tetanus is > ery 
common in the developing world, affecting particu- 
larly children in rural areas. It is one of the com- 
monest causes of childhood mortality in the tropics. 
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DPT vaccine contains the toxoids of diphtheria Poliomjelitis 
and tetanus and a killed suspension of pertussis 

bacilli. The component antigens can be given Two effective vaccines arc available against 
separately also, but this has no advantage. On the poliomyelitis, the live oral vaccine (OPV) and the 
other hand, giving them together not only inactivated parenteral vaccine (IPV). Oral polio 
minimises the number of injections, but also vaccine is ideally suited for mass immunisation, 
improves the immune response because the per- Three doses of trivalent OPV have regularly 
tussis vaccine acts as an adjuvant for the toxoids, induced very satisfactory levels of antibody 
The primary course of DPT immunisation consists against all three types of polioviruses in the 
of three subcutaneous injections, with an interval advanced countries in temperate chmcs. This 
of 4-8 weeks between the first and second, and dosage schedule was widely used in.thc tropics 
8-12 weeks between the second and third doses, also, but seroconversion rates in India and many 
This schedule provides a better antibody other tropical countries have been poor. There 
response than the traditional schedule of three have been many cases of paralytic poliomyelitis 
injections at monthly intervals. In India and in recorded ift children who have received three 
other developing countries, it is advisable to start doses of OPV. Many reasons have been proposed 
DPT immunisation at the age of two months, for this poor response, including poor potency of 
Diphtheria is rare in children under six months as the vaccine due to impr operstor age, int erferenc e { 
they are protected by maternal antibodies till by ot her enterov iruses in the gut, neu tralisatio n I 
then. Tetanus in the newborn can be prevented by antibodies in breast milk and presence of | 
by immunising pregnant women with tetanus inhibitors~m gastrointestinal secretions. Sug- 
toxoid. It would therefore have been enough to gested remedieTHavtnnduded the use of high ' 
start immunisation at six months of age, but for potency vaccine, or horse serum against human 
the fact that there is little maternal immunity gammaglobulin to neutralise inlnWrOrs, avoi- 
against pertussis, which can be a very severe ill* dance'of breast fecdmgTor some hours before 
ness in young babies. This is the reason for and after administration of vaccine, increasing 
recommending commencement of DPT immuni- the number of doses to five, and simultaneous 
sation at two months. Earlier immunisation may vaccination of all infants and children in one loca- 
not be effective due to immaturity of the immune lity. It has also been proposed by some that OPV 
system. A booster dose is recommended at 18 may not be suitable for the developing countries 
months of age. Diphtheria and pertussis are and that IPV may be used instead. Though IPV is 
uncommon after five years, but tetanus can occur costlier and the logistics of administration dif- 
at any age. Therefore a booster of tetanus toxoid ficulU it has been suggested that it may be incor- 
is advisable at school entry. This should provide porated with DPT and given as a quadruple vac- 
hfc long protection. cine. IPV is not available in India now. For the 

Adverse reactions to DPT vaccine are rare and present, the best course appears to be to give five 
consist ol transient 'local inflammation, lever doses oIOTV as suggested in the schedule, 
and occasional convulsions. Because of the possi* IPV is recommended for immunodeficientl 
bility of pro vocative poliomyelitis, it is advisable j children, children with immunodeficient ntem- j 
not to carry out routine immunisation ifl bers in .the household and for those initially J 
poliomyelitis is active in the area. immunised after the age of 18. 

Because diphtheria is still prevalent in many 
parts of the world, a booster injection of Measles 
diphtheria toxoid for adults is indicated. This is 

usually given in combination with tetanus toxoid Measles is the commonest exanthematous dis- 
purified for adults. ease of childhood. While it is generally a minor 
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illness in temperate regions, it can be a very seri- 
ous illness in the tropics. Live attenuated measles 
vaccines have been found to be very effecti ve in 
pro phylaxis. The earlier vaccines were associated 
with unacceptable febrile reactions (vaccination 
measles) but more attenuated vaccines are now 
available which do not cause any serious side 
effects. The vaccine is given as a single dose of 
subcutaneous injection in children 9-12 months 
old. Younger infants usually possess some mater- 
nal antibodies and vaccination in them may prove 
ineffective. Booster injections are not necessary. 
There have been reports of subac ute sclero sing' 
pan encephalit is in children immunised with 
measles vaccine, but the incidence is far less than 
that following natural measles. Therefore, vacci- 
nation may actually reduce the chance of SSPE 
developing, by prevent! ng natural measles. 

Measles vaccine is not manufactured now in 
India and so its availability is limited. 

Rubella 

The indication for rubella vaccine is not so much 
to protect the vaccinees as to prevent the danger 
of infection in pregnant women, leading to fetal 
malformations. Therefore vaccination is relevant 
only in women. Different strategies of vaccina- 
tion have been used in different countries, such as 
immunising all children or only prepubertal girls. 
Surveys done in different parts of India have 
shown that 80-85 per cent of women in the 
childbearing age aTe immune to rubella. But even 
the residual nonimmunes constitute such enorm- 
ous numbers with a potential danger of bearing 
malformed babies, that vaccination is indicated 
for them. 

^ Arthralgia is a frequent complication following 
vaccination . ~ 

T.A.B. vaccine 

The monovalent typhoid vaccine was introduced 
by Wright in 1897. It was believed to have 
brought down the incidence of typhoid fever in 
troops compaigning in South Africa. During the 


First World War, when British troops had to serve 
in Europe, Africa and Asia, where typhoid and 
paratyphoid fevers were common, the typhoid 
vaccine was supplemented with killed para- 
typhoid A and B bacilli, in the hope that the poly- 
valent T.A.B. vaccine would protect against 
typhoid and paratyphoid fevers. While field trials 
with monovalent typhoid vaccines have shown 
fair degrees of protection, no such trials have 
been carried out with the polyvalent T.A.B. vac- 
cine. It is generally stated that immunity lasts for 
only six months after the vaccine, but there is 
^much evidence that in endemic areas, immunity 
may last for some years. Of the'several types of 
typhoid vaccines, the acet one killed and dried 
vjta'crine was found to be the most effective 'iTTe 
Jie at killed phenolised vaccine u sed in India is 
also effective. 

Because of the rarity of paratyphoid B in India, 
this component of T.A.B. vaccine has been 
deleted. The vaccine manufactured at present 
contains only typhoid and paratyphoid A bacilli. 
It is at present not used routinely in the general 
population, but only in special groups such as the 
armed forces, nurses and other hospital workers, 
in whom it is given annually. Mass immunisation 
is sometimes practised when a large outbreak of 
enteric fever occurs in an area. It is sometimes 
given to household contacts of patients with 
enteric fever. The safety of this last procedure is 
questionable. The concept of the ‘n egative 
'--phase’, a transient period of decreased antibody 
level immediately following administration of the 
vaccine, once considered important, has tended 
to be forgotten later on. There is some recent evi- 
dence that the vaccine induces a transient depres : 
sioh of cell mediated immunity to the typhoid 
bacillus. As cell mediated immunity is being 
increasingly recognised as the more relevant type 
ofrmmunity in enteric fever, this finding may be 
important. 

Though not recommended for routine mass 
immunisation, it may be desirable to gi ve two 
doses of typhoid vaccine s ubcuta neously at an 
inte rval ot one month , lo children at about the 
age of two years. A booster at school entry' may 
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be helpful. Tlie immunity may be expected to be 
augmented by repeated natural subclinical infec- 
tions 

A more effective typhoid vaccine is called for. 
Oral immunisation with live attenuated bacillus 
would seem to be more appropriate. 

T he live oral typhoid vaccine prepared from 
th e Tv21a mutant strain proved vervefrcclivc in a 
clinical trial in Egypt . A subsequent trial in South 
America was not so successful. Its administratio n 
is^um beisom e. requ irin g prior neu tralisation of 
gastric aridi ty. ~ 



pated. 


Mumps 

The j ive Vaccine is available in the advanc ed 
comynes. This may be given either alone, of in 
combination with measles and rubella vaccines. 
It is however not needed in the developing coun- 
tries, where mumps is a minor illness. 

Other vaccines 


Cholera 

The killed parenteral cholera vaccine is used 
widely m India and other developing countncs. It 
had been shown to provide limited protection for 
upto six months only. Recent trials in Calcutta 
and in Indonesiavrfuh an aluminium phosplialc 
adjuvant vaccine have yielded much better pro- 
tection for about two years, particularly in young 
children m whom the plain vaccine was not use- 
ful. But the adjuvant vaccine has not been man- 
ufactured for routine use as yet. 


Vaccines have been produced with most of the 
pathogenic microbes affecting man and animals. 
But, apart from the vaccines discussed above, 
few are used widely. Some vaccines have become 
redundant when effective chemotherapy became 
available, as for example the pneumococcal vac- 
cine. A^olyvalent pneumococcal polysaccharide 
vaccine containing the common serotypes is used 
in the USA tn selected vulnerable persons. 
Meningococcal vaccines containing the protec- 
tive polysaccharide antigens have been employed 
At present, the cholera vaccine is often misused, against epidemic meningococcal meningitis. Live 
Whenever any outbreak of gastroenteritis is ^ivirulent shigella strains have been proposed for 


reported in an area, chotcra vaccination is begun. 
Many of these outbreaks may not be cholera at 
all. Even if the outbreak is due to cholera, the 
vaccine given during the epidemic does little 


oral immunisation, but they have not been 
cleared for general use. 

Plague vaccine is now seldom used. I n India, 
the only vaccine available is the Sokhev’s modift- 


good. On the other hand, such mass immunisa- .c anon of the Haffkine vaccine ^manufactured at 

tions have sometimes led to serious compUca- t he Haffkine Institute, Bombay . 

,/tions due to lapse in asepsis. T he vaccine mav b e KiHetL/hfudomotiffr aerusinoia vaccin es have 
of use ip entlciruc~Iir£as^ before the annual ^^been “ sc 4 ir l SCmialyJtmDt-paUents and some 
epidemic cholera season begins reports have claimed good results. 

A live chickenpox vaccine developed in Japan 
Influenza /'on i, i is recommended in leukacmic and other high risk 

^ children 

Inactivated influenza virus vaccines, monovalent T he_I7 D yellow fever vaccine is mamifaciured 
or polyvalent, are used in Britain annually before y/ at the Central Research Institute? Kasnuli. As 
the onset of winter, in special groups such as the y ellow fever does not oenirjn India., the vaccine 
elderly with chronic bronchitis. This helps reduce is used only for persons t ravelling to endemic 

morbidity and mortality among them. But in the areas. , 

tropicSj where annual winter epidemics of An effective vaccine has been developed jn 
influenza are ijot a feature, routine immunisation * Japan for Japanese encephalitis. As the disease 
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were widely used before advances in antibiotic 
and chemotherapy rendered antibacterial sera 
largely redundant. The sheet anchor in the treat- 
ment of pneumoccoccal pneumonia was the 
anticapsular antiserum till it was supplanted by 
sulphonamides and penicillin. Antitoxic sera 
and, to a less extent, antiviral sera are still in use 
for prophylaxis and therapy. 

Th e antitoxic sera in common use are 
antidiphtheritic . antitetanus and antigascan - 
g rene sera.. Active immunisation is the best 
method for preventing diphtheria and tetanus 
and it can render antitoxins unnecessary for 
prophylaxis. Antidiphtheritic serum is rarely 
used for 'prophylaxis now, but antitetanus scrum 
continues to be' used extensively This is unfortu- 
nate. Apart from serious complications such as 
anaphylaxis, the efficacy of ATS is poor when 
used, repeatedly in the same subject. Casualty 
departments of many hospitals routinely use ATS 
for any injury. This practice needs to be revised 
and the use of ATS in prophylaxis restricted to 
tetanus prone wounds in the nonimmunc. 
Human antitetanus globuli n is safer and more 
effective\han AT S P f nnimnLnriam 
Antitoxic sera arc invaluable in the treatment 
of the established disease. However, there is con- 
troversy regaFding tfie utility of ATS in the treat- 
ment t5f tetanus. 

As active immunisation against gas gangrene is 
not available, antigasgangrene serum still has a 
place in cases of crush imury. 

Antisem against Pseudomonas aeruginosa 
h ave been tried in severely burnt patients. 

Antisera have been used for the prophylaxis 
and treatment of many viral diseases. Antirabic 

are 'adm'inrstcred. Staphvlocomiand'sircptoaKd t, scrum > a val “9*’ le a3 i unc * in ‘ hc 

are .he bacteria co mmonlv med l o77 <iu,vacane - ' prophy 1 ™" 9 < rab,es in patients wtth severe 

- exposure to the virus. Convalescent sera or 

specific immune globulin had been employed for 
protection bf contacts against smallpox, chicken- 
pox, -measles and hepatitis. Human gamma- 
globulin - preparations contain antibodies against 
all comrrion viral infcctionsand have been used as 
broad spectrum antiviral immunoprophylactics. 
/Type 3 hepatitis is a complication in the use of 
Antisera against microorganisms and their toxins* ^ fiuman sera an d scrum preparations. 


has now become a serious problem in many parts 
of India, vaccination may become necessary. The 
vaccine is being manufactured at the Central 
Research Institute, Kasauli. * 

An inactivated vaccine for Ky asanur Forest 
disease has been developed in India. Though 
pilot studies have yielded encouraging results, 
the vaccine has not been manufactured in bulk, 
nor mass immunisation attempted, because of 
the very limited area and population involved by 
the infection. 

v / Rabies vaccines still commonly used for human 
immunisation in India are of the neural type, 
either Semple or B PL va c.cines. As tfiese carry 
the risk of neuroparalytic complications, vaccina- 
tion is practised only postujfection. Vaccination 
would be more effective if^it is done before infec- 
tion has faken 4 place. The ce ll culture vaccine is 
safe and effective for pre- and postexpo- 
sure immunisation. But its.high cost limits its uti- 
lity. 

v^An inactivated hepatitis B virus vaccine 
derived from human carrier plasma hds been 
licensed for use in selected groups at high risk. 
But it is costly and availability limite d. Recom- 
binant heptatitis B vaccines have been developed . 

An experimental attenuated virus vaccine is 
currently undergoing clinical trials in humans. 

Autovaccines 

For some chronic or recurrent infections not 
responding to antibiotics, autovaccines have 
been found to be useful. The infecting strain of 
bacterium is grown and graded doses of a suspen- 
sion of the bacterium killed by heat and phenol 


preparation , 
y^tockvaccines, consisting of killed prepara- 
tions of standard strains of bacteria, were for- 
merly used for some chronic conditions. They are 
scldopi used now. 

PASSIVE IMMUNISATION 
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Vaccination requirements for 
international travel 

Different countries have various vaccination 
requirements for international travellers. Most 


countries insist on yell ow fever va ccination and 
a few still require ch olera vaccina tion. Smatlpos 
vaccination is no longer needed. The WHO pub- 
lishes periodically the vaccination requirements 
in force in different countries. 


Further Reading 

Galazka.AM etal 1984 Indications anc contraindications for vaccines. Bull Wld.Wth Org , 62.357. 

Recommendations 1988. Indian Paediatrics . 26 871 

Wilson, G S. 1967. Hazards of Immunisation London AlhlonePrcss 

World Health Organisation, 19S5 Vaccination certificate requirements and health advice for international travel. Geneva. 
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Hospitals have always acted as a source of infec- 
tion to patients admitted to them. Suppuration 
and gangrene were common postoperative con- 
sequences in hospitals in the last century. Even 
before the microbial aetiology of infections was 
established, Semmelweiss was able to control 
puerperal sepsis by simple hand washing, and 
Lister overcame surgical infections with phenol 
sprays. The concept of asepsis and its application 
in hospital practice reduced their incidence, but 
hospital infections still cause considerable mor- 
bidity and mortality. The incidence of hospital 
infection has been reported to be 2-12 per c?nt in 
the advanced countries; it is much higher in the 
crowded hospitals in the developing countries. 
Even when hospitalisation does not lead to obvi- 
ous infection, it causes a change in the patient’s 
microbial flora, the normal flora being gradually 
replaced by the drug resistant microorganisms 
typical of the hospital environment. 

The terms hospital infection, hospital-acquired 
infection or nosocomial infection (from nosoco- 
meion, meaning hospital) are applied to infec- 
tions developing in hospitalised patients, which 
were not present or in incubation at the time of 
their admission. Such infections may become evi- 
dent during their stay in hospital or, sometimes, 
only after their discharge. Hospital infections are 
typically exogenous, the source being any part of 
the hospital ecosystem, including people, objects, 
food, water and air in the hospital. Such infec- 
tions may be iatrogenic in that they may be 
induced by some diagnostic or therapeutic inter- 
vention in the hospital. They may be opportunis- 
tic in that microorganisms of low virulence may 
cause disease in hospitalised patients whose 


immune mechanisms are impaired. But it must be 
understood that nosocomial infections are not 
synonymous with iatrogenic or opportunistic 
infections, as the latter may occur outside hospi- 
tals also. 

Several factors contribute to the occurrence 
and severity of hospital infections: 1) Many 
patients in hospitals have impaired defence 
mechanisms due to their disease or the therapy 
administered. They are, therefore, highly suscep- 
tible to infection. 2) The hospital environment is 
heavily laden with a wide variety of pathogens. 
Patients shed them from their bodies; hospital 
personnel spread them through their hands and 
clothes. Bedding, linen and utensils act as 
fomites. Equipment may be contaminated. 
Pathogens are present in the hospital dust and 
air, and sometimes even in antiseptic lotions and 
ointments. Contamination of hospital food or 
water may cause outbreaks of infections. 3) Major 
invasive procedures, diagnostic or therapeutic, 
are carried out only in hospitals. The slightest 
lapse m asepsis during these procedures can lead 
to infection. 4) Hospital infections are generally 
more serious and refractory to treatment as the 
infecting agents are resistant to most antibiotics 
in common use. 5) Hospital infections are in a 
sense diseases of medical progress. Advances in 
treatment of cancer, organ transplantation, 
implanted prostheses and other sophisticated 
medical technologies enhance the risk of infec- 
tion to patients. 

Microbiology of hospital infections 

Almost any pathogen can, on occasion, cau^e 
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hospital infection, but those that are able to sur- 
vive in the hospital environment for long periods 
and develop resistance to antibiotics and disinfec- 
tants are particularly important in this respect. 
Strep, pyogenes was, perhaps, the most important 
cause of hospital infection formerly, but is hardly 
ever encountered now as it is highly susceptible to 
antibiotics. Staph . aureus strains, resistant to 
multiple antibiotics and belonging to phage type 
80/81 , spread globally in the 1950’s and 1960’s, 
colonising hospitals and causing nosocomial infec- 
tion with such frequency that they came to be cal- 
led ‘hospital staphylococci’. The original phage 
types have since been replaced by others belong- 
ing to group III, but staphylococci continue to 
be very common agents in hospital infection. 
Staph, epidernudis and Group D streptococci 
also are sometimes responsible for hospital infec- 
tions. 

In recent decades, the enteric Gram negative 
bacilli — £. coh, Klebsiella, Enterobacter, Pro- 
teas and Serratia — have become the most impor- 
tant group of hospital pathogens, particularly fol- 
lowing the dissemination among them of R fac- 
tors conferring multiple drug resistance. During 
the late 1970’s multidrug Tesistant salmonellae, 
particularly S. typhimurium, became a promi- 
nent hospital pathogen. 

Vs. aeruginosa and other Pseudomonas species 
have always been important causes of hospital 
infection because of their intrinsic resistance to 
most antibiotics and ability to survive and even 
multiply at low temperatures and in disinfectant 
solutions. They may also carry drug resistant 
pbisroMi. 

Tetanus spores can survive in dust for a very 
long time and may sometimes contaminate cot- 
ton, suture materials, plaster of pans and other 
items used in hospitals. Hospital tetanus is usu- 
ally a result of faulty sterilisation techniques or 
other lapses in asepsis. 

Hepatitis type B is probably the most impor- 
tant virus causing hospital i nfect ions, being trans- 
mitted by blood transfusion or other procedures 
involving transfer of blood, plasma or body 
fluids. Due to its long incubation penod. the 


hepatitis may be evident only long after discharge 
from hospital. Screening of blood donors has 
reduced the incidence of post-transfusion type B 
hepatitis, but Non-A: Non-B hepatitis continues 
to occur. 

Viral diarrhoea and chickenpox are other viral 
infections that spread in hospitals. Cytomegalo- 
virus, herpesvirus, influenza, enteroviruses and 
arenaviruses may also cause hospital infection. 

The range of hospital pathogens also includes 
yeasts (Candida albicans, principally), moulds, 
(Aspergillus, Mucor) and protozoa (Entamoeba 
histolytica, Pneumocystis carinii, Toxoplasma 
gondii). 

Common types of hospital infections 

1. Wound infection: This may range in severity 
from delayed wound healing or stitch abscess 
caused by Staph, epidermtdis or other resident 
skin flora, to severe spreading infections due to 
exogenous pathogens. Several factors influence 
the occurrence of postoperative wound infec- 
tions, such as the site and duration of surgery, 
health of the patient and skill of the operator. 
Most wound infections manifest within a week of 
surgery. Strep, pyogenes and clostridial infections 
appear within a day or two, while staphylococcal 
infections typically take four or five days and 
Gram negative bacillary infections six or seven 
days to appear. Routine preoperative antibiotics 
do not prevent wound infections, though they 
may sometimes be delayed. In special -cases 
where antibiotic cover is indicated, it should be 
gjivea poceutetalLy Irojro/idiojt/iLy before,, during 
and immediately following surgery. 

Nonsurgical sites of wound infections include 
injection, ‘cut-downs’, umbilical stumps, ulcers 
and burns. Ps. aeruginosa is the most important 
cause cf infection in bums. 

Tetanus as a result of hospital infections is now 
rare, but should be kept in mind and toxoid 
administered to nonimmune patients before elec- 
tive surgery. Many cases of neonatal tetanus have 
occurred due to the use of contaminated umbili- 
cal cord ties. 
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2. Urinary tract infections: Even with adequate 
precautions, catheterisation in hospitals leads to 
urinary infections in about two per cent; with 
indwelling catheters, the rate goes upto 50 per 
cent or more. E. coli, Proteus, Ps aenrginosa 
and other Gram negative bacilli are the causa- 
tive agents. Mixed infection is common. Infec- 
tion can be prevented by strict asepsis during 
catheterisation. Indwelling catheters are to be 
used only when unavoidable, and then only with 
proper closed drainage. 


3. Respiratory infections: Aspiration in uncon- 
scious patients and pulmonary ventilation or 
instrumentation may lead to nosocomial 
pneumonia, particularly in those with pre- 
existing cardiopulmonary disease. Muhidrug 
resistant Staph, aureus and Gram negative 
bacilli are the common pathogens. Antibiotic 
treatment is unsatisfactory. Postural drainage is 
useful in the prevention and management of 
such cases. 

4. Bacteraemia and septicaemia: These may be 
consequences of infections at any site, but are 
commonly caused by infected intravenous can- 
nulae. The longer the cannulae are kept in situ, 
the greater the risk of infection. ‘Cut-downs’ on the 
leg veins in infants or children with diarrhoea 
generally get left in place for long periods, the site 
being bathed in diarrhoeal stools. Phlebitis sets in 
with consequent bacteraemia. Many a child 
admitted with diarrhoea thus dies of septicaemia. 
Gram negative bacilli are the common patho- 
gens. ‘Cut-downs’ are safer on the arms than on 
legs. Intravenous rehydration in diarrhoea 
should be restricted to emergencies and should 
be replaced by oral fluids as early as possible. 
Infection can be prevented by proper skin toilet 
before ‘cut-down’ and the use of stainless steel 
needles instead of plastic cannul ae. 

Staph, epidermidis bacteraemia is seen com- 
monly in patients with artificial heart valves. Bac- 
teraemia in those with valvular defects may lead 
to endocarditis. 


Diagnosis and control of hospital infection 

Hospital infection may occur sporadically or as 
outbreaks. Aetiological diagnosis is by the 
routine bacteriological methods of smear, cul- 
ture, identification and sensitivity testing. When 
an outbreak occurs, the source should be iden- 
tified and eliminated. This requires the sampling 
of possible sources of infection such as hospital 
personnel, inanimate objects, water, air or food. 
Typing of isolate — phage, bacteriocin, antibio- 
gram or biotyping — from cases and sites may indi- 
cate a causal connection. Obvious examples of 
sources of hospital outbreaks are nasal carriage 
of staphylococci by surgeons or Pseudomonas 
growing in hand lotion. Carriers should be suita- 
bly treated. 

Sterilisation techniques have to be tested. The 
cause of infection may be a defective autoclave or 
improper technique such as boiling infusion sets 
in ward sterilisers. A careful analysis of the pat- 
tern of infection may often reveal the source, but 
sometimes it eludes the most diligent search. 

It must be emphasised that control of hospital 
infection should be not merely a spasmodic exer- 
cise to be employed when an outbreak occurs, 
but rather a permanent ongoing activity in any 
large hospital. Ever)’ major hospital should have 
‘infection control teams’ consisting of mic- 
robiologists, medical and nursing staff and hospi- 
tal administrators. Besides investigating and con- 
trolling outbreaks, their functions include for- 
mulating appropriate guide lines for admission, 
nursing and treatment of infectious patients, sur- 
veillance on sterilisation and disinfectant prac- 
tices, determining antibiotic policies and 
immunisation schedules, and educating patients 
and hospital personnel on infection control. Such 
measures help in reducing the incidence of hospi- 
tal infections, even if they do not eliminate them 
altogether. 

Unfortunately, in many hospitals, infection con- 
trol is attempted by resorting to more and more of 
antibiotics. This is not only futile, but may c\cn be 
positively harmful by encouraging selective coloni- 
sation by multircsistant pathogens. In the final 
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analysis, prevention of hospital infection rests on a 
proper understanding of aseptic practices and 
meticulous attention to hygienic principles. Sir 


William Osier’s aphorism that ‘Soap, water and 
commonscnsc arc the best disinfectants’ applies 
even today in the context of hospital infection. 


Further Reading 

Bennett, J. and Branchman, S 1979 Hospital Infections. Boston. Little Brown 

Lowbury, E 3 etal 19X5 Control of Hospital Infection A Practical Handbook, 2nd Edn. London: Chapman and Hall • 
Sacks, T. and McGowan, J E cds 1981. International symposium on control of nosocomial infection Rev Infect Di teases, 
3 635 
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d/phtheriae 219-227 
epidemiology 225 
equi 228 

hofmanni (pseudodiphtheritieum) 
228 
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Ectothnx 595 
Eczema herpeiicum 463 
Edwardsiella 268 
Egg yolk reaction 47 
Egyptian ulcer 219 
Ehrlich phenomenon 227 
Ehrlichia sennutsu 401 
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Guillain-Barre syndrome 165 
Gummata (chronic granulomata) 377 
Gut associated lymphoid tissue 
(GALT) 115 


Haemadsorption 428 
Haemagglutination 421 
characteristics of 421 
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treatment 326 
vanation 324 
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genes (Ir) 125, 130 
humoral 127 
in malignancy 169 
negative phase 128 
pnmary 127, 128 
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IgM 89 
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laboratory diagnosis 442 
latent 437 

nommmunological responses 440 
pathogenesis of 437 
Infectious mononucleosis 468 
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Lysol 33 

Lysostaphin 185 

Lyssa phobia 522 ! 

Lytic (virulent) cycle 448 


MaeConkey's medium 38, 184, 

201, 279 

Machiavetlo and Giemenez stains 400 
Macroconidia 591, 593 
Macrophage 74, 122 


activated 123 
activating factor 135 
aggregation factor (MAF) 135 
antisprcadmg factor 136 
in blood (monocytes) 123 
characteristics 123 
chemotactic factor (MCF) 135 
Inhibiting •factor (MIF) 135 
resistance factor (MRF) 136 
in tissue (histiocytes) 123 . 
Maduramycosis 598 
Madurella 
grisea 598 
myoetomi 598 
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